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Description 



E22 Th ^ preSent inVention relates 10 novel P-lactams. The {J-lactams of the present invention find utility as inter- 
USSIH to Pr TTS T' deChain - beari "9 taxa " es such as taxol derivatives. The prese min" nton 
^aC2nes C ° UP,ing P "' aCtamS * ^ SUCh sidechai "- b -""9 taxanes, and tonoveSS 

S thlsSr dfterPene C ° mP0UndS haV,n9 Ut " ity in ^ P hamaceutica ' For example, taxol, a taxane 




ToS nXT' ¥ BZ ' S benZ ° yl ' has been found 10 be an effective anticancer agent. 

[0003 Naturally occumng taxanes such as taxol may be found in plant materials, and have been isolated therefrom 
Such taxanes may, however, be present in plant materials in relatively small amounts so that IT the^se oHaS for 
exampte, large numbers of the s.ow-growing yew trees forming a source for the compound I ma} * Zred^he M 
£?JSf k ? ^ SeafCh f ° r Synth6tiC> inC,Uding ^'-synthetic routes for the preparation of naTura L occu'rinS 

KST S E U P C V^SSSST for S , preparation of synthetfc - -etui 

n™~L for th ( ! 8 Universit V) discloses a series of p-lactams, a process for their preparation and a 

process for the preparation of taxol involving the use of such p-lactams preparanon, ana a 

[0005] WO 93/06079 (Florida State University) discloses a process for preparing N-acyl N-sulohonvl and N oho, 
phory subshtuted isoserine esters in which a metai alkoxide is reacted with a p-lactam. SWIanV WO ^^6^4^ 
State Un.vers.ty) relates to metalic alkoxides useful in the preparation of taxol ( 

So ZZ 0443 L Un L V9 K ity -,? f KanS3S) diSCl0S6S derivat,ves °f tax«" which have improved water solubility com- 
pared to taxol per se and which still exhibit good antitumour activity. soiuouny com 

[0007] EP 0537905 (Virginia Tech Intellectual Properties, Inc.) discloses water soluble taxol derivatives with antine 

!n~JL h T! < R f h °"e-Poulenc-RorerSA) relates to P phenylisoserine -(2R.3S) compounds and salts thereof 
mm S <S£J « f P t T5 rat i0n c ,here ° f ^ th6ir US6 in the Syn,hesis of ,axane derivatives 
Sdartnoinzo^ 

stituted-ammo-benzoate taxol derivatives optionally substituted with a (phosphonooxyphenvl) alkanovloxv mhoJZ 
T'^ ° r "P hos P ho " 0 ^'ky')-PhenylJ alkanoyloxy group at the C-7 STaSSSSf^ 
spectable water solubility and good antitumour activity. aenvanves nave re- 

[0010] The present invention provides novel (J-lactarn compounds of the following formula I: 



EP 0 617 018 B1 







R 5 



where 



R 1 and R 2 are: 

(j) both the same alkyl group; or 
(ii) together form a cycloalkyl group; or 
(Hi) together form a cycloalkenyl group; or 
(iv) together form a heterocyclo group; 

wherein the carbon atom marked with an asterisk to which R 1 and R 2 are bonded is non-asymmetric; 

R 3 is alkyl; 

R 4 is aryl; 

R 5 is hydrogen, arylcarbonyl, or alkyloxycarbonyl, 
or such a p-lactam in salt form, wherein 

"alkyl" means such a group having 1-1 0 carbon atoms in a chain and being optionally substituted by one or more 
of halo, ally, alkylthio, alkenyl, alkynyl, aryl, cycloalkyl, cycloalkenyl, hydroxy or protected hydroxy, carboxyl (-COOH). 
alkyloxycarbonyl, alkylcarbonyloxy, carbamoyl (NH2-CO-), amino (-NH 2 ), mono- or dialkylamino, or thiol (-SH); 

"cycloalkyi" means such a group having 1 to 3 rings and 3-7 carbon atoms per ring, the group being optionally 
substituted by "alkyl" as defined above or by one or more of the substituents included in the definition of "alkyl"; 

"cycloalkenyl" means "cycloalkyl" as defined above but containing at least one carbon-to-carbon double bond 
forming a partially unsaturated ring; 

"aryl" means a homocyclic aromatic group containing 1 or 2 rings and 6 to 12 ring carbon atoms, and being 
optionally substituted by one or more nitro groups or as in the definition of "cycloalkyr above; 

"alkoxy" means "alkyl" as defined above but bonded through an oxygen linkage (-O-); and 

"heterocyclo" means such a group having at least one hetero atom in at least one ring and optionally substituted 
as in the definition of "cycloalkyl" above. 

[0011] The p-lactams of the present invention are useful as intermediates in the preparation of sidechain-bearing 
taxanes such as taxol and taxol derivatives. In particular, these compounds may be coupled with a taxane moiety to 
form the aforementioned sidechain. 

[0012] As the stereochemistry of taxanes may affect their pharmaceutical activity, it is desirable to employ p-lactam 
intermediates which will provide the final taxane product with the stereochemistry sought. In the p-lactams of the present 
invention, the carbon marked with an asterisk in the above formula I is a non- asymmetric carbon. Where such a carbon 
center is asymmetric, a mixture of diastereomers can be formed. The p-lactams of the present invention provide superior 
results relative to p-lactams which contain an asymmetric carbon at the corresponding position since, when the latter 



3 
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compounds are prepared, or when they are coupled with a taxane moiety, products are formed as a mixture of stere- 
and complicates separation and purification procedures. 

SSSLi tl^finJrrr^ of *!? for r ia 1 ° f the present invemion are **** * **™ * a n d 

Zeforl 11 of r? P f ■ PartiCU,ar ' ,hS p - ,aCtamS °' the present invention altow conversion, and 

therefore use of lesser amounts, of starting materials, as well as simplified separation and purification procedures 
when employed as intermediates in the preparation of sidechain-bearing taxanes Procedures, 

H^LI^rr? ST^k ,S0 Pr ° VideS n ° Vel meth0dS ,0r U8ing the ^mentioned p-lactams of the formula I 
nn«, P T s'decham-bearing taxanes, and the novel sldechain-bearing taxanes prepared. 

[0015] The present invention is described further as follows 

Talon. Jnl tem t i"?. ° r " a ' k "' 38 USSd h6rein al0ne 0f 88 part of another 9 rau P. de "°te optionally substituted 
, , a ' n T^* hydrocarbon <W. havi "9 1 to 10 carbons in the chain. Exempfary unsubsJ 

In e me,hy '- ethyl - propyl ' teopropyl ' isob »w p™w 5 

aEforX^^ 

Snkloi r?T tefm "^r^ 33 US6d herein ' den ° teS an alkyl group as described abova "onded through a sulfur 
hnkage -S-), respectively. The term "alkyloxycarbonyl", as used herein, denotes an alkoxy group bonded through a 

32? to turn ^.^''T^ V"J" 6d herein ' den0t6S an 3,kyl 9r0UP ^tLugh a -rbon g oup 
oroun luh^nl k h 9 L" , 0Xy9en " nka9e - ThS terms "'"onoalkylamino" or -dia.kylamino" denote an amino 

group substituted by one or two alkyl groups as described above, respectively. 

[0019] The term "alkenyl", as used herein alone or as part of another group, denotes such optionally substituted 
groups as described for alkyl, further containing at least one carbon to carbon double bon ^SSffjSSSSl 

oS e Z:\Z-2T ups as H d r bed I above - or one or more groups described *°» - 

S Jins j£i r s f u r here,n aione or as part ° f another group ' den ° tes such °p ttona "y ^bstituted 

groups as described for alkyl, further containing at least one carbon to carbon triple bond. Exemplary substituents 
include one or more alkyl groups as described above, or one or more groups described above as aKubsttenT 

2 cvc t 22? ^ " 33 r d a ' 0ne " 38 Part ° f an ° ther gr0Ub - denotes optionallytbsmuS sat- 
urated cycle hydrocarbon ring systems, preferably containing 1 to 3 rings and 3 to 7 carbons per ring Exemplary 

Trl^* k , EXemP ' a,y substituents include one or more alkyl groups as described above or one^ 
more groups desenbed above as alkyl substituents. "^.umneor 

[0022] The term "cycloalkenyl", as used herein alone or as part of another group, denotes such optionally substituted 
SET ab ° Ve f ° r CyC,0a,ky '' fUrther COntaining at least ono oarbon to carbon SESfSSS?! 

groups desenbed above as alkyl substituents. 

[0023] The terms »ar- or "aryl", as used herein alone or as part of another group, denote optionally substituted 
aTuosTn^ 

ESTE?' f M ? roUPS 88 d6SCribed ab0Ve ' ° r groups described above as alk V' substituents. 

2.^; arylcarbonyr, as used herein alone or as part of another group, denotes an aryl group as described 

above bonded through a carbonyl group. k»«wuow 

EL TT f ' ^ h ms "^^^Vo'o'or-heterocyclte", as used herein alone or as part of another group, denote optional^ 
at Ks on; 2 & Z UnSatUr f d ' ar0mafc ° r somatic cyclic groups having at feast one heteSom in 
at least one ring, preferably monocyte or bicyclic groups having 5 or 6 atoms in each ring. The heterocyclo group 
may. for example, have 1 or 2 oxygen atoms, 1 or 2 sulfur atoms, and/or 1 to 4 nitragen atoms in th^ng Each - 
heterocyclogroupmay be bonded through any carbon or heteroatom of the ringsystem. Exemplary hetemcyclo arouos 
include the following: thieny., furyl, pyrrolyl, pyridyl, imidazo*!, pyrrolidinyl, piperidiny,, azepinrSToinZ 
quinohnyl BO qu,no linyl, benzothiazotyl, benzoxazolyl, benzimidazolyl, benzoxaLo^ benzol 

ab ve o^r o ranV (e - 9> 4 - tetrahydrop V rany| )- Apiary substituents include one or more alky. SKXKl 
above, or one or more groups described above as alkyl substituents 

Se, a T nd e iodr " ha '° 9en " * " ha '°"' 35 h "* 3,006 ° r 38 Part ° f 3n0ther gr0up - denote chlorine . bra mine. 
[0027] The term "taxane moiety, as used herein, denotes moieties containing the core structure: 
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5 




CHs 

10 

which core structure may be substituted and which may contain ethylenic unsaturation in the ring system thereof. 
[0028] The term "taxane", as used herein, denotes compounds containing a taxane moiety as described above. The 
term "sidechain-bearing taxane", as used herein, denotes compounds containing a taxane moiety as described above, 
further containing a sidechain bonded to said moiety at C-13. 

15 [0029] The term "hydroxy (or hydroxyl) protecting group", as used herein, denotes any group capable of protecting 
a free hydroxyl group which, subsequent to the reaction for which it is employed, may be removed without destroying 
the remainder of the molecule. Such groups, and the synthesis thereof, may be found in "Protective Groups in Organic 
Synthesis" by T.W. Greene, John Wiley and Sons, 1981, or Fieser & Fieser. Exemplary hydroxyl protecting groups 
include methoxymethyl, 1 -ethoxyethyl, 1-methoxy-1-methylethyl t benzyloxymethyl, (p-trimethylsilylethoxy)methyl, tet- 

20 rahydropyranyl, 2.2.2-trichloroethoxycarbonyl, t-butyl(diphenyl)silyl, trialkylsilyl, trichloromethoxycarbonyl, and 
2.2,2-trichloroethoxymethyl. 

[0030] The term "salt", as used herein, includes salts with organic and/or inorganic acids and/or bases. 
[0031] The term "alkali metal silylamide base", as used herein, denotes a base containing the moiety: 

25 

— Si-N-Si — 
M 

30 

where M is an alkali metal such as lithium, sodium or potassium. 

[0032] Preferred p-lactams of the present invention are those compounds of the formula I which are crystalline com- 
pounds, rather than liquids (oils) at ambient conditions. Such crystalline compounds are advantageous relative to liquid 
compounds as they may be more easily prepared and obtained in pure form, particularly at larger scales, thus facilitating 
35 their subsequent use as intermediates in the formation of sidechain-bearing taxanes such as taxol and taxol derivatives. 
[0033] Particularly preferred compounds of the formula I are those where R 1 and R 2 are both the same unsubstituted 
lower alky! group, especially where R 1 and R 2 are both methyl; R 3 is unsubstituted lower alkyl, especially methyl; R 4 
is phenyl; and R 5 is hydrogen, benzoyl ort-butoxycarbonyl. 

[0034] p-lactams of the formula ! may be prepared by methods such as those shown in the following Reaction Scheme 
40 for the prepartion of cis p-lactams of the formula I. 



45 



50 



55 
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React* nn SpHpit^ 



10 



15 



20 



25 



30 
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50 




V 




J* 1 



*° X 




(id 



(I). R s -H 



(I), R 5 * H 



55 



ESLL^T T ° Tcf ° f f0mlUla " ^ 1,6 Prepared by meth0ds Such 38 those describ ^ in our Euro- 
d!27 ^ C ?° n EP ^ 552 - 041 ■ '"Wat* herein by reference. It is particularly preferred to employ B- 
lactams which are stereoisomerically (that is, enantiomerically) pure. P 
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[0036] The compound of the formula II may be converted to a compound of the formula I by reaction of the former, 
in the presence of an acid catalyst, with a compound of the formula III or IV: 



/\ on) 

OR*' X OR» 



10 



or 



is 



OR* 

R 1 *— CH=C R* 



(IV) 



where R\ R 2 and R 3 are as defined above and R 1a (i) is a group such that R 1a -CH 2 - is the same as R 2 when R 2 is 
20 aikyl or (ii) forms, together with R 2 and the atoms to which R 1a and R 2 are bonded, a cycloalkenyl group or heterocyclo 
group containing at least one carbon to carbon double bond. Exemplary compounds of the formula III include the 
compounds: dimethoxypropane, 



OCH, _ .OCH, 



0^ - Cf< 



*OCH 3 

30 

Exemplary compounds of the formula IV include the compounds: 



40 




[0037] A particularly preferred method for obtaining a compound of the formula I where R 1 and R 2 are both the same 
alkyl is by contacting a compound of the formula II with a compound of the formula IV where R 3 Is as defined above 
and R 1a is a group such that R 1a -CH 2 - is the same as R 2 , in the presence of an acid catalyst such as an organic sulfonic 
45 acid, for example, pyridinium p-toluene sulfonate (PPTS), toluene sulfonic acid or camphor sulfonic acid. 2-Methoxy- 
propene is preferred as the compound of the formula IV. 

[0038] The aforementioned reaction is preferably conducted at a temperature of from about -30°C to about 30°C, 
especially at about 0°C, and at ambient pressure. The reaction may, for example, be completed over the course of 
about 0.5 hour to about 10 hours, and is preferably conducted under an atmosphere of inert gas such as argon. 
so [0039] Preferred mole ratios of the compound of the formula III or IV: the compound of the formula II are from about 
6:1 to about 1 :1 . An amount of acid is employed which is effective to catalyze the reaction. 

[0040] Organic solvents are preferably employed which are inert to the reaction. Particularly preferred solvents are 
acetone, dimethylformamide, tetrahydrofuran, dichloromethane, acetonitrile and toluene. Amounts of solvents are pref- 
erably those where the ratio of compound of the formula II: solvent is from about 1 :5 to about 1 :40, weightvolume. 
55 [0041] The p-lactam of the formula I so obtained, where R 5 is hydrogen, may optionally be converted to a p-lactam 
of the formula I where R 5 is arylcarbonyl or alkyloxycarbonyl, with or without prior isolation of the p-lactam where R 5 
is hydrogen, by contacting the former p-lactam where R 5 is hydrogen with a compound of the formula V or VI: 



7 
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R -C (O) -X 



(V) 



or 



R -C(0)-0-C(0)-R 6 



(VI) 



where 

R 6 is aryl or alkoxy; and 
X is halo, especially chloro 



The above reaction is preferably conducted in the presence of a tertiary amine such as diisopropyl(eth V l)amine tri- 
ethylamme and 4-d,methylaminopyridine. Benzoyl chloride is preferred as the compound of ZSSSN^SmL 

ZUlSZ ? t Ft B0C anhydrid6 (COmP ° Und V ' Where * fe * Purred as E2!S352 

formula VI, especially for the preparation of taxotere. compouna or me 

SSSUi" the , ab0 ^ reaCti ° n ' * iS Pr6ferred ,0 emp '° y ,em P eratu «* of from about ^0°C to about 30°C especially 

abou To hi 2T TT ^ reaCti ° n ™* f ° r exam P ,e ' be com P |eted *• ^urse of about' 2 TS2 
aboutlOhoun. and is preferably conducted under an atmosphere of inert gas such as argon. 

iSm 227! s° i °p he TT" °' th8 f0rmU ' a V ° r V ' : p -' aCtam of the formula 1 wher * " 5 « hydrogen 

[0044] Organic solvents are preferably employed which are inert to the reaction. Particularly preferred solvents are 
Dreferahh/th h' "T**?"' dim ^<™mide and toluene, 2>untTof soten ts a e 

S3 SXlMSSi"*'-*--^ 



H.C, 




Phan^ 

such as breast, ovanan, colon or lung cancers, melanoma and leukemia 

SJSt Jof, P h reSem T*"' Pr ° VideS 8 n ° Vel meth0d ,0rthe of sidechain-bearing taxanes by coupling 

a p-lactam of the present invention to form said sidechain. In particular, the present invention provides a novll me^d 
for the preparation of a sidechain-bearing taxane of the following fonnula VII or a salt thereof 



R 5 w ff 



TO 

O— T 

OCCR^R^COR 3 ) 



where Ri, B?, R3, R4 and R* are as defined above, and T is a taxane moiety bonded directly at C-13 of said moiety; 
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comprising the step of contacting a p-lactam of the formula i or salt thereof of the present invention with a taxane 
compound of the following formula VIII or salt thereof: 

5 HO-T (VIII) 

where T is as defined above, in the presence of a coupling agent; and, optionally, converting the group -OC(R 1 )(R2) 
(OR 3 ) of said compound of the formula VII to hydroxyl, thereby forming a sidechain-bearing taxane or a salt thereof of 
the following formula IX: 

10 



15 




20 

[0048] The addition of a sidechain as described above, in and of itself, 1 may impart an increased or more desirable 
pharmacological activity to the taxane product, or may form a taxane product which is more readily converted to a 
taxane having an increased or more desirable pharmacological activity than the starting compound. Exemplary taxanes 
which may be prepared by the present method for the preparation of a sidechain-bearing taxane include those com- 
25 pounds described in European Patent Publication No. 400,971 , U.S. Patent No. 4,876,399, U.S. Patent No. 4,857,653, 
U.S. Patent No. 4,814,470, U.S. Patent No. 4,924,012, and U.S. Patent No. 4,924,011, all incorporated herein by 
reference. It is preferred to prepare taxotere having the following structure: 



30 



35 




40 

or, most preferably, taxol as the compound of the formula IX. 

[0049] Exemplary compounds of the formula VIII, having the OH group bonded directly therein at C-13, which may 
be employed in the method of the present invention are described in the aforementioned documents incorporated by 
reference, especially in European Patent Publication No. 400,971. Most preferably, the compound of the formula VIII 
45 is a compound of the formula X: 



50 



55 




9 



where 
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5 



J. Am. Chem sec 110 6917 I Vm^^Jm T T baCC9tin 1,1 as described b V De ™ « 

prepared by the & jg" £ Sta K^IZL? JTT ^ ^ '" iS Preferabl 

be acylated A, *, before sidechaSpJng ' ' Ult,mate ^ ^ ' S hydr0 9 en ' com P° und < x > ™V 

EthliSr^ ° f ^ rr inVent, ° n ^ be "* ^entfacHitatingcoupHng 
<ethyl)amine. pyridine S 

tion of a C-13metal a koSe on he Sane VEEStT^rP™* ^ baS6S a "° win 9 forma 

lower alkyl lithium compounds! ^ diiSOpr0 ^ lamide < LD *>. ^substituted 



R 9 -N— rio 



where 



^ ^ SIS?* CyC,0a,kyl ' " t0g6ther With the atom to whfch they are bonded, form a hetero- 



cyclo group; 

and 



M is an alkali metal, such as lithium, sodium or potassium. 

^^^^^^^^^^ 
p»«y oMnuy gMe ' r to o,^^T?i5r«cns? c" ma , ° r e< """ 10 * b<,u ' 9o%i " d 

mslhoawlierelnalsxaneotttoroma.vmi^o^i 0 ! . P ^S' e presenl "' VM(, " Proves a 
tune, MM, but „., ""T """"^ " MM "" " C '' 3 " S ' M 
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[0057] The method of the present invention further comprises, subsequent to the reaction forming a sidechain-bear- 
ing taxane of the formula VII, optionally converting the group -OC(R 1 )(R 2 )(OR 3 ) to hydroxyl. These groups may op- 
tionally be converted to a hydroxyl group sequentially or simultaneously with other hydroxyl protecting groups, such 
as those on the taxane moiety, by suitable means, such as by contact with an acid, for example, an inorganic acid such 
5 as HCI or HF, or organic acids such as acetic acid and the like. 

[0058] Preferably, deprotection is conducted at a temperature of from about -30°C to about 60°C, especially at about 
0 to 25° C, and at ambient pressure. The reaction may, for example, be completed over the course of about 2 hours to 
about 72 hours, and is preferably conducted under an inert atmosphere such as argon. 

[0059] Preferred mole ratios of acid for deprotection: taxane are from about 1 :1 to about 20:1 (volume: weight). Or- 
10 ganic solvents are preferably employed which are inert to the reaction. Particularly preferred solvents are an ethanol/ 
tetrahydrofuran mixture or acetonitrile, acetone and water. Amounts of solvents are preferably those where the taxane 
is from about 1 :10 to about 1:50, preferably 1 :30, ratio of taxane: combined solvent, weight:volume (especially, tet- 
rahydrofuran/ethanol and HCI/water). 

[0060] The present invention also provides the novel sidechain-bearing taxanes of the formula VII and salts thereof 
15 described herein. 

[0061] Taxol is preferably ultimately prepared as the sidechain-bearing taxane by the methods of the present inven- 
tion. Taxol may be prepared, for example, by contacting a 7-O-trialkylsilyl baccatin HI such as 7-O-triethylsilyl baccatin 
III, as the formula VIII compound, with (3R-cis)-1-benzoyl-3-(1-methoxy-1-methylethoxy)-9-phenyl-2-azetidinone, as 
the p-lactam, preferably in the presence of an alkali metal silylamide base. The triethylsilyloxy and 1 -methoxy-1 -meth- 
20 ylethoxy groups may be converted to hydroxyl groups subsequent to sidechain formation, by deprotection methods 
such as those described above, to form taxoi. 

[0062] Salts or solvates such as hydrates of reactants or products may be employed or prepared as appropriate in 
any of the methods of the present invention. 

[0063] As can be appreciated, the p-lactams and taxanes described herein may be present in more than one ster- 
25 eoisomeric form. All stereoisomers of the compounds described herein are contemplated, either alone (i.e., substan- 
tially free of other isomers), or in admixture with other selected (e.g. as a racemate) or all other stereoisomers. It is 
preferred that these compounds be substantially free of other isomers, that is, enantiomerically pure. 
[0064] Preferred stereoconfigu rations of the compounds of the formula I are those where the groups -OC(R 1 )(R 2 ) 
(OR 3 ) and R 4 are in the cis position, that is, 



particularly where the compound of the formula I has the same absolute stereoconfiguration as the compound (3R- 
50 cis)-1 -benzoyl-3-(1 -methoxy-1 -methylethoxy)-4-phenyl-2-azetidinone. 

[0065] Preferred stereoconfigu rations of the C-1 3 sidechains of the compounds of the formulae VII and IX correspond 
to the stereoconfiguration of the aforementioned cis p-lactams, that is, 



30 



45 



35 



40 
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R^H O 



OCm'JCR^tOR 3 ) 



and 




R 5 NH O 



O-T 



OH 



which sidechains have the same absolute stereoconfiguration as that of taxol. 

[0066] The present invention is further described by the following examples which are illustrative only, 

Example 1 

Preparation of (3R-cls)-3-(1 -M ethoxy-1 -methvlethoxv)-4-phenyl-2-azetidinone 

(a) (3R-cis)-3-Hvdroxv-4-phenyl-2-azetidinone 

[0067] 




o 



H 
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(b) (3R-cis)-3-(1 -Methoxy-1-methylethoxy-4-phenyl-2-a2etidinone 
[0069] 

5 



10 



15 




20 

[0070] The product of step (a) above (8.49 g, 52.0 mmol) was added to a dry 500 ml 3-necked flask (dried in a 1 20°C 
oven for -12 hours and equipped with a magnetic stirbar and a digital thermometer), purged with argon, and dissolved 
in acetone (300 ml, freshly opened bottle of HPLC grade acetone; wt % H 2 0 (K.F.) <0.001). The yellowish solution 
was cooled to 0° (internal temperature was 1°C). 2-Methoxypropene (15.0 ml, 156 mmol) (wt. % H 2 0 (K.F.) <0.001) 

25 was added dropwise over a period of 30 seconds. The internal temperature rose to -2°C during the addition of 2-meth- 
oxypropene. The resulting solution was stirred at 0°C for 5 minutes before the addition of pyridinium p-toluene sulfonate 
(PPTS) (1 .3 g, 5.2 mmol) (wt. % H 2 0 (K.F.) = 0.001 ). After stirring at 0°C for 30 minutes, TLC (thin layer chromatography) 
analysis revealed that the reaction was complete. (TLC analysis (silica gel, solvent: ethyl acetate, stain: phosphomo- 
lybdic acid/ethanol) of the crude reaction revealed a spot for the product (R, = 0.50) and no starting material (Rf = 0.31)). 

30 [0071] The solution was combined with ethyl acetate (250 ml), saturated aqueous NaHC0 3 (200 ml), and H 2 0 (1 00 
ml) in a separatory funnel. After shaking the mixture and separating the layers, the aqueous fraction was extracted 
with ethyl acetate (3 x 100 ml). The combined organic fractions were washed with saturated aqueous NaCI (200 ml), 
dried over Na2S0 4> filtered, and concentrated on a rotovap to give an off-white solid. All concentrations on the rotovap 
were conducted with a bath temperature of 35° C. 

35 [0072] The crude product was dissolved in ethyl acetate (200 ml) and neutral activated charcoal (2 g) was added. 
The mixture was boiled gently for 5 minutes, cooled to room temperature, and suction filtered through a pad of Celite. 
Removal of the solvent on a rotovap as above, followed by exposure to high vacuum (-1 33Pa,~1 mm Hg for 45 minutes) 
gave 11 .9 of an off-white solid. The solid was dissolved in boiling ethyl acetate (75 ml), and boiling hexanes (400 ml) 
were then added in 50 ml portions. The resulting cloudy solution was allowed to cool to room temperature. Crystallization 

40 began within ~1 minute after the solution was removed from the heat source. After standing at room temperature for 
45 minutes, the mixture was chilled in a 4°C cold room for 1 5 hours. The crystals were filtered, washed with 1:19 ethyl 
acetate/hexanes (3 x 100 ml) on a suction filter, and dried under high vacuum (~20Pa,~0.15 5 mm Hg for 20 hours) 
to give 9.55 g (78%) of the title product as off-white needles. 

[0073] The mother liquor was concentrated on a rotovap as above, exposed to high vacuum (~133Pa,— 1 mm Hg 
45 for 0.5 h.), and was then crystallized from ethyl acetate/hexanes to give 1 .48 g (1 2%) of small off-white crystals of the 
title product. (The crystallization was performed in a similar manner as that for the first crop. The solid was dissolved 
in 5 ml of boiling ethyl acetate, and boiling hexanes (-40 ml) were added in ~5 ml portions until afew crystals appeared. 
Crystallization began immediately upon cooling to room temperature. The mixture was allowed to stand at room tem- 
perature for 1.5 h., then at 4°C for 16 hours. The crystals were filtered, washed with 3 x 25 ml 1:19 ethyl acetate/ 
so hexanes on a suction filter, and dried under high vacuum (-0.2 mm Hg) for 24 hours). 
For title product: 



55 



Elemental Analysis (%) C 13 H 17 N0 3 




Calcd. 


Found 


C 


66.36 




66.30 


H 


7.28 




7.40 
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(continued) 



Elemental Analysis (%) C 13 H 17 N0 3 




Calcd. 


Found 


N 


5.95 




6.04 


H 2 0 (KF) 


0.00 




0.00 



m.p. 136- 137°C 
[a]« D :+6.7°(c1.0, CHCIg) 
taF 365 : +93.3° (c 1.0, CHCI 3 ) 

TLC: R, = 0.47 (silica gel, ethyl acetate) visualized by phosphomolybdic acid/ethanol. 
Example 2 

Preparation of (3R-cis)-3-(1 -Meth oxy-1 -methvlethoxy)-4-phenvl-1 -2-azetidinnn* 

S H Th ! tit,e Pr ° dUCt ° f SteP (a) °' EXample 1 above < 301 3- 184 mm °'. ^ving a brownteh color) was added to 
a flame-dned, argon-purged 500 mL flask (the flask was dried in a 120-C oven for -12 h and was earned with « 

SSJ!" ^ 1 digital thermometer >' and diss °^ d dimethylformamide (300 m wT% To KM ol 
The redd.sh-brown solution was cooled to 0°C. The internal temperature was 2°C ~ } " 

to dZr^ 2! ?f T° ^ 3dded dr ° PWiSe ° Ver 3 0f 2 minutes ^ lnte ™' t^Perature rose 
L LhST ? the . / addrtl0n of f-methoxypropene), and the resulting solution was stirred at 0»C for 5 minutes before 
the addrt on of pynd.n.um ^toluene sulfonate (PPTS, 4.6 g, 18.4 mmol). Approximately 5 minuL ater Te PPTS 

po^*^^^ 

oil ,' A ", lrr ng al 0 C for 1 ^ analysis revealed that the reaction was complete (TLC analysis fsilica 

To^SSXSSl T h P ^ ph ° m0 * bdfc acid/ethano ') - - aliquot partitioned Setween ethy aSt 1" 
H£ revealed a spot for the product (R, = 0.51) and no starting material (R, = 0 33)) 

SroL^aHSToZirr! 6 ' 'JIS? acetate/nexanes m^re (600 mL) and washed with hafl-saturated 
XTSl^tlS^ NaH , C ° 3 WaSh ' m ° St ° f the COl0fed impuri, y was extra *ed '"to the aqueous 

acetale a U 7so £ Xlh ! rema ' ne , d 3 reddish - brown ™* aqueous fraction was extracted with ethyl 
acetate (2 x 150 mL). The combined organic fractions were washed with H 2 0 (500 mL) (TLC analysis of the H O w«/h 
showed no oss of the product to the aqueous layer), saturated aqueous NaCI (200 iS^X^^S^tSS 
and concentrated onarotovap to give an off-white soiid. All concentrations on the rotovap were conduct wiihS 

to cool to room temperature. Extensive crystallization began within ~1 minute after the solution was rem ov It 
heat source. After standing at room temperature for 1 h, the mixture was chilled in a 4°C c^W room ?oM7 h Th! 
vTuumr'Sp Gre J , WaSh ! d T 1:19 ^ acetate/he xanes (3 x 150 mL) on a suction S^nd dneo und^r high 
SS7 The mo^rf ^ 9 ' 22 h ) ,0 ^ 32 6 9 (75 4%) ° f the tit,e product aa My «h e needles. ' 
EL lol T7 aS concen,r a ,ed 0" a rotovap as above, and was then crystallized from ethyl acetate/ 
hexanes to g.ve 6.25 g (1 4.4%) of the title product as fluffy white crystals. The crystallization was Derfo^S 

'^^T^^r- r r soiid was disso,ved in 25 * sss"^ 



Elemental Analysis (%) C 13 H 17 N0 3 




Calcd. 


Found 


C 


66.36 


66.40 


H 


7.28 


7.20 


N 


5.95 


5.68 


H 2 0 (KF) 


0.00 


0.00 



m,p. = 141°C 
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[apo: +6.5° (c 1 .0, CHCI 3 ) 
MPs*' +95.0° (d.O, CHCI 3 ) 

TLC: Rf = 0.47 (silica gel, ethyl acetate) visualized by phosphomolybdic acld/ethanol. 
[0077] The following alternative procedures were employed to prepare the title product: 

5 

(1) A mixture of the title product of step (a) of Example 1 (79.7 mg t 0.488 mmoles), dimethoxy propane (0.3 ml, 
2.44 mmol), PPTS (about 12 mg, 0.049 mmol) and dimethylformamide (2 ml) under argon were stirred for 3 hours 
at about 0°C and then for 24 hours at about 4°C. The product obtained was extracted with ethyl acetate and worked 
up (diluted with 1 0 ml ethyl acetate, washed with 0.5 saturated aqueous NaHC0 3 ; aqueous fraction extracted with 

10 2x5 ml ethyl acetate; combined organic fractions were washed with 1x10 ml water, 10 ml saturated aqueous 

NaHC0 3> dried over NagSQ^, filtered and concentrated) to obtain quantitive yield of products, which was a 1 :1 .7 
mixture of starting material and the title product (determined by TLC analysis). 

(2) The title product was obtained by adding the title product of step (a) of Example 1 (92.5 mg) to an oven-dried 
5 ml flask, purged with argon, diluted with dimethylformamide (1 .5 ml) and cooled to 0°C. Dimethoxy propane (0.1 8 

15 g) was added, followed by PPTS (14 mg). The solution was stirred at 0°C for 5 hours, and worked up as above 

(yielding about 1:1.1 starting material to title product). 

(3) The title product was obtained by adding the title product of step (a) of Example 1 (89.4 mg) to an flame-dried, 
argon-purged flask, dissolved in acetone (3.5 ml) and cooled to 0°C. Dimethoxy propane (0.1 7 g) was added, 
followed by PATS (1 4 mg). The solution was stirred at 0°C for 3 hours, transferred to a 4°C cold room for 24 hours, 

20 and worked up to yield the title product in about a 8:2:1 starting material to title product to impurity ratio. 

Example 4 

Preparation of [2aR-[2aa,4p ,4aft,6g,9ct(aR*, BS*)-11a, 12a, 12aa, 12ba11-P-(Benzoylamino)>a-(1-methoxy- 
25 1 -methylethoxy)hydroxybenzenepropanoic acid,-6, 1 2b-bis(acetyloxy)-1 2-(benzoyloxyt-2a,3,4,4a, 5,6,9,10,11,12, 
1 2a, 1 2b-dodecahydro-4-triethylsily (oxy-1 1 -hydroxy-4a,8, 13,1 3-tetramathyl-5-oxo-7,1 1 -methano-1 H-cyclodeca[3.4] 
benz [1 ,2-bloxet-9-yl-ester 

(a) 7-TES Baccatin III 

30 

[0078] 



35 



40 




[0079] As used herein, Ac is acetyl, Bz is benzoyl and TES is triethylsilyl. 
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( i ) . . t f aR .. (2aa ' 4P ' ?' 9a ' 12ctl 12aa " ^te^Benzple a cM. 12b-aeatvtow.2a.3.4.4a.S.-6.9.10. l1 12 12a 12b- 



[0080] 




!°?% 1 !i JS?SS!?r2J 5 9, f .■ 3 mmo,) (amount not corrected for impurities measured <**•> as: H 2° : 

2 62 q 21 4^moX'"/ 1 O ff'nU <0 ■ 09%) • heXane <°° 3% » and 4-dimethylaminopynJ!ne 

(Z.6Z g, 21 4 mmol) wt. /„ H 2 0 (K.F.) = 0.09) were added to a flame-dried, argon purged 1 L 3-necked flask (equiDoed 

cooli'to stJr f ( J ( 2 (K F) = <0 ° 1) W3S added and the resu,tin 9 homogeneous solution was 
cooled to -50°C fThe temperature of the reaction solution rose from 23°C to 25»C during the addition of CH 2 CI, ) 
Tr e thymine NEt* 16 ml, 120 mmol) (wt. % H 2 G (K.F., = 0.08) was added dropwise over 3 minutes and the esul inq 

trr^; bef ° re the dr ° pwise addifon * — ***** **** iSSS^ss 

d d nTnS 2 x h Et3S,C1 W3S C ° ndUC,ed ° V6r 8 Peri0d of 10 minutes and the temperature of the reactS 

s tZ T The : eaCti °" beCame ver * cloud V duri "9 the addttion of Et 3 SiC1 . The resulting mixture was 

st.rred at ~-50»C for 1 hour and was then allowed to stand (without stirring) in a -48°C freezer for 22 hours (A separate 
expenment showed that stirring the reaction at -48°C for 8 hours resulted in -60% conversion Th S e was Ten 
SSS? ,re ^ e t r and Warm6d 10 ~- 1 °° C - ^ "** of the ""»• (-'-nt: e % , ace^e s ^ 
- 0.60).) The cold mrxture was combined with EtOAc (1 L) and washed with H a O (890 ml). The resulting aqueous lave 

IKir T» ? Ac (25 ° m,) - The combined or9anic layere were washed •» 

? ° ^ half - sa,ura,ed a 1 ueous NaCI (250 ml), saturated aqueous NaCI (250 ml), dried over NajjO. 

of 35 C.) The resulting semisolid was further dried by exposure to high vacuum (~133Pa,~1 mm Hg for 20 minutes) 
to g 1 ve415gofawhite solid. The crude product was then dissolved in CH 2 CI 2 (400 ml) (h^ngTn/s^C wZS 
C^Z U ln t0 t d fH° IVe ,h , e S0, | d) V ° ,Ume ° f thS reSUtti " 9 S0lUti0 " " as reducad to -150 mf on TSovap 

m^we^a^ 

!5 £ T K W3S 9ent,y SWirled - The mixture was allowed 10 st ™ d » 4°C cold room for 6 5 
vZm 27Pa T 2 mmlr^ , 1 ? CH * C ^ eXanes < 3 * 250 «• a -tion filter, and dried under h g 
vacuum (~27Pa, -0.2 mm Hg for 42 hours) to g.ve 26.1 g (79%) of the title product as a white powder The mother 
hquor was concentrated on a rotovap and the residue was crystallized from CH 2 CI 2 to give 4.5^14%^ the tl 
product as whrte crystals. Recrystallization was conducted in the same manner as with the first cmp oftod^ tie 
sol,d was dissolved in CH 2 CI 2 (1 00 ml) without heating and the volume of the resulting solution v^e^Sd to ? 7 ml 

[0082] The combined yield for the two crops was 93% (uncorrected). 



Elemental Analysis (%) C^HsoO^Si 




Calcd. 


Found 


C 


63.80 


63.43 
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(continued) 



Elemental Analysis (%) C3 5 H 50 O 10 Si 




Calcd. 


Found 


H 


7.65 




7.66 


KF (H 2 0) 


0.00 




0.00 



mp: 239 - 242°C (decomp.) 
10 [aF D : -53 . 6° (c 1 .0, CHCI 3 ) 

TLC: Rf = 0.60 (silica gel, EtOAc); visualized by phosphomolybdic acid/ethanol. 
[0083] An alternative procedure was employed as follows: 

[0084] in a flame-dried 250 ml 3-necked flask equipped with an argon inlet was placed 1 0-desacetyl-baccatin III 
(5.44 g, 1 0 mmol, having a water content of 1 .56 wt. % and a methanol content of 1 .6 wt %), 4 4-dimethylaminopyridine 
is (0.49 g t 4 mmoi) and N,N-dimethylformamide (24 ml, dried over 4A molecular sieve). The mixture was stirred at room 
temperature until homogeneous. 

Dichloromethane (50 ml, HPLC grade, used without purification) was added and the temperature was lowered to -50°C. 
Triethylamine (2.9 ml, 21 mmol) was added dropwise over a 5 minute period, followed by triethylsilylchloride (3.4 ml, 
20 mmol) over a 10 minute period. The mixture was allowed to stand at -48°C for a period of 21 hours, diluted with 

20 200 ml of ethyl acetate and 175 ml of water. (The reaction was monitored by TLC using EtOAc as eluent: R f for the 
starting material = 0.56, R f for the product = 0.83; UV and PMA visualization.) The aqueous layer was separated and 
extracted with ethyl acetate (50 ml x 1). The organic layers were combined and washed with 5% aqueous potassium 
phosphate mono basic (50 ml x 2) (pH of 5% KH 2 P0 4 in H 2 0 was 4.3), half -saturated sodium chloride (50 ml x 1), 
brine (50 ml x 1), dried over sodium sulfate and concentrated in vacuo to give crude title product as a solid (7.45 g). 

25 The crude material was dissolved in 75 ml of hot dichloromethane and the total volume was reduced to 30 ml by heating 
to begin crystallization. It was set aside at room temperature for 2 hours and 4°C for 1 6 hours. The crystals were filtered 
on a buchner funnel, washed with cold 10% dichloromethane in hexane (25 ml) and dried in vacuo to afford 5.38 g of 
title product. The mother liquors and washings were concentrated in vacuo and the solid residue was crystallized by 
dissolving in 8 ml of dichloromethane. Following the above crystallization procedure, 0.72 g of the product was obtained 

30 as a second crop. The combined yield of the title product 

7-TES-10-desacetyl baccatin Ml, as a white solid, m.p. 238-240°C was 6.10 g (93%). 



Elemental Analysis (%) C^HsoO^Si 




Calcd. 


Found 


C 


63.80 


63.76 


H 


7.65 


7.66 



mp: 239 - 242°C 
40 [a] D : -53.7 C 1.0, CHCI 3 ) 

TLC: R f = 0.53 (silica gel,50% EtOAc in hexane); UV and PMA visualization. HI = 98.9% 



45 



50 



55 
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(ii) [2aR-(2aa,4B.4aB.6B.9a t 11p ,12a.12aa.12ba)1-6,12b-Bis(acetvloxvM2-(benzoYl 0) (v)-2a 3 -44a 
cyclodecaf3.4]benz(1 ,2-bloxet-5-one (7-O-TES-baccatin lil) r 



[0085] 




[0086] 7-O-TES-107-O-TES-10-desacetylbaccatin III prepared in step (i) above (21.4 g, 32.4 mmol) was added to 
J^'T -^cTS^ 1L 3 " neCk6d f ' aSk (6qUipped With 3 mechan ^l stirrer and a digital thermometer) and 
. ( f ' h ' y diStHled fr ° m sodi ^sodi U nVbenzophenone). The resuming solution was cooled to 

T ° n J n "^" it r^v (n " BuU ' 1 46 m ' ° f 8 256 M SOlution in hexanes ' 373 m ™'- ,itrated triP'teate with 
diphenylacetic acid in THF at 0°C) was added dropwise over a period of 23 minutes. The temperature of the reaction 
did not nse above -68°C during the addition. Solids were formed upon the addition of n-BuLi and did not appear to 
dissolve at -70°C. The resulting mixture was stirred at -70°C for 20 minutes and was then warmed to -48'C (A clear 
homogeneous solution was obtained upon warming to -48'C.) After stirring at -4B°C for 1/2 hour, acetic anhydride (4.6 
ml, 49 mmol, distilled (137 - 138«C, 1 atm) under an atmosphere of argon before use) was added dropwise over 7 
TOTn The ' em f erature of the reaction did ™* rise above -45°C during the addrtion. The resulting solution was stirred 
at -48 C for 20 minutes and then at 0°C for 1 hour. The solution was diluted with ethyl acetate (350 ml), washed with 

^Tnr, qUTOU ? H f 1(250 ml) ' andthelayerSWereSepa 

(200 ml). The combined organic layers were washed with saturated aqueous NaCI, dried over Na,S0 4 filtered and 
concentrated on a rotovap. (All concentrations on the rotovap were conducted with a water bath temperature of 35°C ) 
Exposure of the semi-solid to high vaccum (-200Pa, -1 .5 mm Hg for 1/2 hour) gave 24.7 g of a white solid. The crude 
produc was dissolved in CH 2 CI 2 (300 ml) and the volume of the resulting solution was reduced to -70 ml on a rotovap 
Crystalhzation began within one minute. The mixture was allowed to stand at room temperature for 45 minutes and 
then in a 4 C cold room for 18 hours. The crystals were filtered, washed with 1 :9 CHaCla/hexanes (3 x 1 00 ml) on a 
suction filter, and dned under high vacuum (-27Pa,-0.2 mm Hg for 1 9 hours) to give 20.9 g (92.0%) of the title product 
as fine white needles. The mother liquor was concentrated on a rotovap and the residue was crystallized from CH,CIV 
hexanes to give 0*2 g (3.6%) of the title product as small white crystals. Crystallization was conducted as follows 
The res.due was dissolved in CH 2 CI 2 (10 ml) and the volume of the resulting solution was reduced to ~5 ml on the 
rotovap. After standing at room temperature for 1/2 hour, no crystals had formed. Hexanes (5 ml) were added in 1 ml 
portions and solution was swirled. A few crystals were present by this time. The mixture was allowed to stand at room 

wXS °o ru h Zi m ° re CryS,alS f0rmed) and th6n in a 4 ° C co,d room for 1 8 hours - ™* filtered, 
mnS th CH 2 cyhexanes on a suction filter, anddried under high vaccum (~20Pa, -0.15mm Hg for21 hours) 
[0087] The combined yield for the two crops was 95 6% 
mp:218-219°C(decomp.) 

[a] 22 0 : -78.4° (c 1.0, CHCLj) 

TLC: R f = 0.37 (silica gel, 1 :9 acetone/CH 2 CI 2 ); visualized by phosphomolybdic acid/ethanol. 

(b) [2aR.f2att,4B,4ap,6B,9a(a^ 

hydroxybenzenepropanoic acid, 6,12b-bis(acetvloxY) -12-(benzovloxvV2a,3,4,4ai.6.9.10,11,12,-12a 12b- 
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dodecahydro-4-triethylsilyloxy-1 1 -hydroxy-4a,8, 1 3, 1 3-tetramethyl-5-oxo-7,1 1 -methano-1 H-cyclodeca[3,41benz 



[1 ,2-b]-oxet-9-yl-ester 



[0088] 

5 



Ph 



AcO O OTES 



10 



15 




OMOP 



HO OBz OAc 



20 [0089] As used herein, Ph is phenyl, MOP is 1-methoxy-1-methylethyl, and THF is tetrahydrofuran. 

[0090] To a solution of the compound prepared in step (a) above (50.00 g, 71 .33 mmol) in THF (freshly distilled from 
sodium and benzophenone, 125 ml) at -50°C (the cooling was applied only after the compound was completely dis- 
solved in THF) was added dropwise with vigorous stirring lithium hexamethyldisilazide (LHMDS, 55.1 ml, 1.36 M in 
THF, 74.90 mmol; the reagent was titrated with 1 ,3-diphenylacetone p-tosylhydrazone) over a period of 20 minutes, 

25 so that the internal temperature did not rise above -48°C. After the addition the reaction mixture was warmed to -35°C 
and stirred at that temperature for 5 minutes. 

[0091] A freshly prepared solution of the compound prepared as the title product of Example 3 ("Compound 3") 
(27.85 g, 82.03 mmol) in THF (35 ml) was added dropwise to the reaction mixture over a period of 7 minutes. No 
significant exotherm was observed. The flask containing Compound 3 was washed with 5 ml of THF and the washing 

30 transferred to the reaction mixture. The resulting solution was brought to 0°C by replacing the dry-ice bath with an ice- 
water bath and stirred for an additional 90 minutes. The reaction was monitored by TLC on reverse phase silica gel 
(EM Science RP-18 WF 254 s) using acetonitrile/water (70/30) as eluent. Rf for the title product was 0.31 , for 7-TES- 
taxol (that is, the structure of taxol in which the 7-position hydroxyl group is replaced with TES-O-) 0.41 , for 7-TES- 
baccatin 111 0.47, for Compound 3, 0.63. 

35 [0092] The reaction was quenched with a pH 7 phosphate buffer (50 ml), followed immediately by saturated NaHC0 3 
(1 50 ml). It was diluted with ethyl acetate (EtOAc, 600 ml) and the layers were separated. The organic layer was dried 
over anhydrous Na 2 S0 4 , filtered and concentrated in vacuo to give the crude title product (82.3 g) as a pale yellow 
solid. The solid was dissolved in hot EtOAc (200 ml) and hexanes (110 ml) were added dropwise at the reflux temper- 
ature. The crystallization mixture was set aside at room temperature for 2 hours (upon cooling precipitation occurred 

40 rapidly), and then in a cold room for 7 hours. The solid was filtered and washed with a cold mixture of hexanes/EtOAc, 
5/1 (2 x 80 ml). The resulting white crystals were dried on the suction filter for 1 hour, and then in vacuo (~80Pa,~0.6 
mm Hg) overnight to give 67.37 g of the title product (91% based on 7-TES-baccatin III; 1 H NMR showed 0.4 mol of 
EtOAc which gave a corrected yield of 87%) with an effective homogeneity index (HI) of 99.25% (95.73% title product 
and 3.52% 7-TES-taxol). 

45 [0093] The mother liquor and the washings were combined and evaporated to dryness. The residue was dissolved 
in hot EtOAc (25 ml) and hexanes (40 ml) were added dropwise at the reflux temperature. After cooling to room tem- 
perature the mixture was set aside at room temperature for 1 hour, followed by 7 hours in the cold room. The solid was 
collected by filtration, dried on a suction filter and then in vacuo overnight (~93Pa0.7 mm Hg) to yield 6.06 g (8%) of 
the title product with an effective HI of 96.6% (92.6% title product and 4.0% 

so 7-TES-taxol.) 



Elemental Analysis (%) C 57 H 73 N0 15 Si 


• 0.4 EtOAc 




Calcd. 


Found 


C 


65.44 




65.49 


H 


7.14 




7.44 


N 


1.30 




1.47 
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m.p. 153- 155°C 
[o] D :-59.6(c1,CHCl3) 

TLC: R, = 0.31 Reverse Phase HPTLC, acetonitrile/water, 70:30, UV visualization 

l°^L ^ al,ernative P roced "re for the preparation of 2'-MOP-7-triethylsilyl taxol was employed by the coupling of 
7-0-TES baccatin III formed in situ as follows: 

[0095] 7-0-TES-1 0-desacetylbaccatin III (1 .51 77 mmol) was dissolved in 3.5 ml of dry tetrahydrofuran and cooled 
o -65 to -70°C. Lithium hexamethyldisilazide (LHMDS) was added dropwise (0.5 equivalents) and the mixture stirred 
for 20 minutes. Acetic anhydride (0.5 equivalents) was then added and the stirring was continued for the same period 
o t.me. The deprotection/acylation procedure was repeated three times (total 1 .5 equivalents LHMDS and 2 0 equiv- 
alents acetic anhydride). Precipitation occured during anion formation (reaction mixture thickened), and the mixture 
was warmed up to 0°C for 5 minutes. 

[0096] Following cooling to -50°C and further treatment dropwise with LHMDS, coupling with Compound 3 was con- 
ducted directly (by the procedure described above in step (b)). Yield: 851 mg (55%) from 7-0-TES-1 0-desacetylbaccatin 

Example 5 

Preparation of f 2aR-[2aa,4p,4ap,6p,9a(aR-,BS-).-11a.12a,12aa,12ball-B-(Benzoylamlno)-«-fl^eth oxv- 
1-methylethoxy)hydroxybenzenepropanoic a cid.-6.12 b -bis(acetvloxv>-12-(benzovloxv)-2a.3.4.4a . 5.6 9 10 11 12 12a 

[1 ,2-bloxet-9-vl ester (2'-MOP-7-trlethylsilvl-taxorT L " lJ 

[0097] 




[0098] To a so ution of 7-TES-baccatin III (5.00 g, 7.13 mmol) in THF (freshly distilled from sodium and benzophe- 
none, 12.5 ml) at -50°C (cooling was applied only after the compound was completely dissolved in THF) was added 
dropw.se wrth vigorous stirring LHMDS (7.85 ml, 1 .0 M in THF, 7.85 mmol), over a period of about 1 7 minutes, so that 
the internal temperature did not rise above -48»C. Close to the end of the addition a precipitate was formed, which 
made shrnng difficult. An additional 1 .5 ml of THF was added in order to allow efficient stirring. The reaction mixture 
was then warmed to -35°C and stirred at that temperature for 10 minutes. The resulting cloudy solution at -35°C was 
cooled back to -42°C and then transferred dropwise to a solution of the azetidinone, Compound 3 (3.03 g, 8 92 mmol) 
.n THF (2£m via a cannula. The temperature was kept between -1 9°C and -1 0°C during the addition, which took 7 
mmutes. The flask and the cannula were washed with THF (0.5 ml) and the washing was transferred to the reaction 
At the end of the addition, the resulting solution was brought to O'C by replacing the dry-ice bath with an ice-water 
bath and stirred for an additional 75 minutes. The reaction was monitored by TLC on reverse phase silica gel (EM 
Science RP-18 WF 254 s) us.ng acetonitrile/water (70/30) as eluent. R, for the title product was 0.31, for 7-TES-taxol 
0.41, for 7-TES-baccatin III 0.47. 

ST 9 !, 'I 3 ? 110 " W3S quencned with a P H 7 Phosphate buffer (12 ml), followed immediately by saturated NaHCO, 
30 ml . rt was diluted with EtOAc (1 00 ml), the layers were separated, and the aqueous layer extracted wrth EtOAc 
(10 ml)^The combined organic layers were dried over anhydrous Na^O,, filtered and concentrated in vacuo to give 
the crude Mle product (9.13 g) as a tan solid. It was dissolved in hot EtOAc (20 ml) and hexanes (13 ml) were added 
dropw.se at the reflux temperature. The solution was set aside at room temperature for 36 hours, and then in the cold 
room for 2 hours. The solid was filtered and washed with a cold mixture of hexanes/EtOAc, 5/1 (2 x 1 0 ml). (The mother 
hquor (1 .52 g, effective HI 52.4) and the washings (0.32 g, effective HI 53.4) were collected separately and set aside ) 
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The resulting white crystals were dried on the suction filter for 20 minutes, and then in vacuo (~67Pa,~0.5 mm Hg) 
overnight to give 6.59 g of the title product (89% based on 7-TES-baccatin III) with an effective HI of 99.3% (96.0% 
title product and 3.3% 
7-TES-taxol). 



Elemental Analysis (%) C 57 H 73 N0 15 Si 




Calcd. 


Found 


C 


65.81 


65.47 


H 


7.07 


7.12 


N 


1.35 


1.64 



m.p. 153-155°C 
[oc] D : -59.6 (c1,CHCI 3 ) 

TLC: Rf = 0.31 Reverse Phase HPTLC, acetonitrile/water, 70:30, UV visualization. 
Example 6 

Preparation of Taxol f2aR-f2aa,4&,4ag,6P,9a(aR*, &S*,1 ^,120,1 2aa)-12ba1l-&-(Benzoylamino)-a-hydroroxy- 
benzenepropranoic acid, 6, 1 2b-bis(acetyloxy)-1 2-(benzoyloxy)-2a,3 ,4,4a,5,6,9, 1 1 ,1 2,-dodecahydro-4-1 1 -dihydroxy- 
4a,8,13,13-tetremethyl-5-oxo-7 t 11-methano-1H-cyclodeca[3,4]benz[1,2-bloxet-9-yl-ester 



[0100] 



25 




[0101] To a solution of the title product of Example 5 above ("Compound 5", 5.0 g t 4.81 mmol; HI 99.3% including 
Compound 5, HI 96.0 and 7-TES-taxol, HI 3.3) in ethanol (EtOH, 1 00 mL) and THF (80 mL) at 0 °C (Compound 5 was 
dissolved in EtOH/THF before cooling to 0°C using an ice bath) was added precooled (~5°C) 1 .5 N HCI (aqueous, 
aq) dropwise with vigorous stirring over a period of 12 minutes. The cloudiness that appeared during the addition of 
1 .5 N HCI disappeared instantly. The resulting clear solution was stirred at 0 °C for 15 minutes and stored at 4 °C for 
19.5 hrs. HPLC analysis of an aliquot (3u. Phenyl BD column; 35% CH 3 CN/65% H 2 0 linear gradient for 26 minutes; 
100% CH 3 CN linear gradient for 7 minutes; 35% CH 3 CN/65% H 2 0 isocratic for 7 minutes) at this point indicated the 
presence of taxol (98.6%), 7-TES taxol (0.6%) and a polar impurity (0.3%) along with other minor impurities. The 
reaction mixture was diluted with ethyl acetate (EtOAc, 200 mL) and washed with cold (about 5°C) NaHC0 3 (500 mL 
and 2 x 200 mL). Washing was continued until the pH of the aqueous washings was -8.5. 

[0102] The combined aqueous layer was extracted with EtOAc (2x1 00 mL). The organic layers were combined and 
washed with brine (300 mL), dried (Na 2 S0 4 , 1 00 g), filtered and concentrated to give crude taxol as a white solid (4.44 
g; HPLC HI 97.7%). It was dissolved in 25 mL of methanol (MeOH)/isopropanol (IPA) (1 :5.8) and diluted with H 2 0 (1 .4 
mL) by gentle warming (warmed to -40 to 45°C on a water bath). The resulting solution was stored in a hexane atmos- 
phere (the container having the solution of crude taxol in MeOH/l PA/H 2 0 was placed in another larger container having 
hexane (20 ml) in a closed system at room temperature) at room temperature for 16 hrs. The white crystalline (visual 
examination under a microscope) solid was filtered, washed with cold (5 °C) hexane (25 mL) and dried under high 
vacuum to give 3.8 g (93.0%) of taxol with HPLC HI 99.0%. The mother liquor and the washings were concentrated 
under reduced pressure to give 0.28 g (7.0%) of a faint yellow solid (HPLC HI 80.6%) which was set aside for further 
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10 



15 



20 



processing at a later time. 



Elemental Analysis (%) C 47 H 51 IMO 


H-1.0 H 2 0 




Calcd. 


Found 


C 


6474 


64.71 


H 


6.13 


6.48 


N 


1.61 


1.57 


KF (H 2 0) 


2.07 


1.90 



m.p. 211 -213°C 
ta] D :-51.5(c1,CHCI 3 ) 

TLC: R, = 0.22; MeOH:AcOEt:Hexane; 0.6:4.0:5.4; UV and PMA Visualization. 
Example 7 
Preparation of Taxol 

[0103] To a 2 L polyethylene bottle containing a solution of Compound 5 (^-MOP^-triethylsilyl-taxol 20 q 19 1 
mmol) in acetonitrile (800 ml) and pyridine (48 ml) at 0°C was added dropwise 48% aqueous hydrofluoric acid (HF) 
(1 04 ml) over a 60 minute period. The internal temperature did not exceed 5«C during the addition. The clear solution 
was held at 4 C without agitation for a period of 24 hrs. The reaction was monitored by HPLC (Waters Nova-Pak 
Phenyl, 3.9 x 150 mm column; absorption: 227 nm; flow rate: 2 ml/min) ' ' 

Chromatography condition: 

0-26min,35%CH 3 CN/65% H 2 Oto 100%CH 3 CN, linear gradient, 26-28 min, 100%CH 3 CNto35%CH 3 CN/65%H,O 

linear gradient, 28-35 min, 35% CH 3 CN/65% H 2 0, isocratic 2 

Rt: 13.73 for 7-TES-taxol 

Rt: 6.65 for Taxol 

Rt: 4.96 for 1 0-desacetyl-taxol 

[0104] After 1 9 hrs of reaction, 0.36% of 7-TES-taxol remained in this mixture. After 24 hrs, 7-TES-taxol and 1 0-de- 
sacetyl-taxol were not present (impurity index ll<0.04%) in the reaction mixture. The solution was then diluted with 
ethyl aceta e (1 L) and washed with 1 N HCI (800 ml x 2). The combined aqueous layer was extracted with ethyl acetate 
(400 ml x 1 ). The organic layers were combined and washed with saturated aqueous sodium bicarbonate solution (800 
ml x 5) bnne (300 ml x 1 ), dried over sodium sulfate, filtered and concentrated to give 1 7.46 g (~1 00%) of crude taxol 
as a whrte solid. The HPLC HI for the crude taxol obtained above was 98.7%. The yield is uncorrected 



Elemental Analysis (%) C 47 H 51 NO 


H-1.3 H 2 0 




Calcd. 


Found 


C 


64.34 


64.32 


H 


6.16 


5.99 


N 


1.60 


2.00 


KF (H 2 0) 


2.67 


2.00 



m.p. 207.5 - 212-C (w/decomp) 
[a] D : -52.5(C1,CHCl3) 

TLC: R, = 0.22; Silica gel; MeOH:AcOEt:Hexane; 0.6:4.0:5.4; UV and PMA Visualization. 



Example 8 



Preparation of Taxol 



tO-lOSJ Jo a solution of 2'-MOP-7-TES-taxol (Compound 5, 5.0 g, 4.81 mmol, HI 99.2% (including 2--MOP-7-TES- 
texol, H 95.7) ,n ethanol (EtOH, 50 ml) and THF (40 ml) at 0°C (ice bath, 2"-MOP-7-TES-taxol was dfesolved in EtOH/ 
THF before cool.ng to 0°C) was added precooled (~5'C) 1 .5 N HCI (aq., 50 ml) dropwise with vigorous stirring over 
a period o 40 minutes. The cloudiness that appeared during the addition of 1.5 N HCI disappeared instantly The 
resultmg clear solution was stirred at -2°C for 1 hour and stored at 4'C for 22 hours. A white solid about 1 00-200 mg 
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(taxol) precipitated at this stage. (In process HPLC analysis of an aliquot after 20 hours (3u. Phenyl BD column); 35% 
CH 3 CN/65% H 2 0-linear gradient for 26 minutes; 100% CH 3 CN-linear gradient for 7 minutes; 35% CH 3 CN/65% H 2 0- 
isocratic for 7 minutes) at this point indicated the presence of taxol (97.2%), 7-TES taxol (0.2%), 10-desacetyl taxol 
(0.7%) with other minor impurities.) The reaction mixture was diluted with EtOAc (200 ml) and washed with cold (~5°C) 

5 NaHC0 3 (400 ml and 2 x 200 ml). (The pH of the aqueous washings should preferably be -8.5 (where not, washing 
is preferably continued until the pH reaches 8.5)). The combined aqueous layer was extracted with EtOAc (2 x 80 ml). 
The organic layers were combined and washed with brine (200 ml), dried (Na 2 S0 4 , 100 g), filtered and concentrated 
to give crude taxol as a white solid (4.2 g; HI 97.9%). It was dissolved in 31 ml of EtOH/heptane (6:4) and diluted with 
H 2 0 (0.15 ml) by gentle wanning (warmed to -30-35°C on a water bath). The resulting homogenous clear solution 

10 was stored at 4°C for about 20 hours. The white crystalline (visual examination under a microscope) solid was filtered, 
washed with cold (5°C) heptane (20 ml) and dried under high vacuum to give 3.72 g (90.6%) of taxol with HI 98.6%. 
The mother liquour and the washings on concentration under reduced pressure gave crude taxol (0.45 g) which on 
crystallization (dissolved in EtOH/heptane (0.5:0.3, 4.6 ml) and H 2 0 (20 u.l) and stored at 4° for 20 hours) yielded the 
second crop of white crystalline (visual examination under a microscope) solid (0.18 g; 4.0%; HI 92.0%). 

15 



Elemental Analysis (%) C 47 N 51 N0 14 *2.55 H 2 0 




Calc. 


Found 


C 


62.73 


62.35 


H 


6.28 


6.43 


N 


1.56 


1.94 


H 2 0 


5.11 


4.91 



mp = 207 - 208°C 

Opt. rot.: [ct] D = -52.3° (c 1 , CHCI 3 ) 

TLC: Rf = 0.22; silica gel; MeOH: EtOAc: Hex, 0.6:4.0:5.4; UV and PMA visualization 
HPLC: HI = 98.6% 



Claims 



Claims for the following Contracting States : AT, BE, CH, LI, DE, DK, ES, FR, GB, GR, IT, IT, LU, MC, NL, SE 

1 . A p-lactam of the following formula I: 



40 



45 



50 



55 




CD 



where 
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R 3 is alkyi; 

R 4 is aryl; 



R 1 and R 2 : (i) are both the same alkyi group; or 

(ii) together with the carbon atom to which they are attached form a cycloaikyl group- or 
(in) together with the carbon atom to which they are attached form a cycloaikenyl group- or 
(iv) together with the carbon atom to which they are attached form a heterocyclo group; 

wherein the carbon atom marked with an asterisk to which FT and R2 are bonded is non-asymmetric 
is alkyi; 
is aryl; 

is hydrogen, arylcarbonyl, or alkyloxycarbonyl, 

azetid^oJe 3 ^ ^ ° ther tha " free base ( + )- ds " 1 -ben2oyl-3-(2-methoxy-2-propyloxyH-phenyl- 

wherein 

W means such a group having 1-10 carbon atoms in a chain and being optionally substituted by one or 

^™ T **' a,kylthi0, a,keny '' a,kynyl ' aryl ' Cydoa,ky, > c ^oalkenyl t hydroxy or protected hydroxy, carboxyl 
-COOH), alkyloxycarbonyl, atkylcarbonytoxy, carbamoyl (NH 2 -CO-), amino (-NH 2 , mono- or dialkylamino, or thiol 
(-SH); 

"cycloaikyl" means such a group having 1 to 3 rings and 3-7carbon atoms per ring, the group being optionally 
substituted by "alkyi" as defined above or by one or more of the substituents included in the definition of "alky!"' 

"cycloaikenyl" means "cycloaikyl" as defined above but containing at least one carbon-to-carbon double bond 
forming a partially unsaturated ring; 

"aryl" means a homocyclic aromatic group containing 1 or 2 rings and 6 to 12 ring carbon atoms, and being 
optionally substituted by one or more nitro groups or as in the definition of "cycloaikyl" above; 

"alkoxy" means "alkyi" as defined above but bonded through an oxygen linkage (-O-); and 

"heterocyclo- means such a group having at least one hetero atom in at least one ring and optionally sub- 
stituted as in the definition of "cycloaikyl" above. 

A P-Lactam of claim 1 which is crystalline at ambient conditions. 

A p-lactam of daim 1 or 2 which is substantially free of other isomers and in which the groups -OC(Ri)(R2)( 0 R3) 
and R 4 are in the cis position relative to each other. 

A p-lactam of claim 1 , 2 or3 where R1 and R*are both the same unsubstituted lower alkyi group, R3 is unsubstituted 
lower alkyi, R 4 is phenyl, and R5 is hydrogen, benzoyl ort-butoxycarbonyl, "lower alkyi" meaning "alkyi" as defined 
in claim 1 but having 1 to 4 carbon atoms in the normal chain. 

A p-lactam of claim 3 which is (3R-cis)-3-(1-methoxy-1-methylethoxy)-4-phenyl-2-azetidinone. 

A p-lactam of claim 3 which is {3R-cis)-1-benzoyl-3-(1-methoxy-1-methylethoxy)-4-phenyl-2-azetidinone. 

A p-lactam of claim 3 which is (3R^is)-1 -t-butoxycarbonyl-3-(1 -methoxy-1 -methylethoxy)-9-phenyl-2-azetidinone. 

A method for the preparation of a sidechain-bearing taxane of the following formula VII or a salt thereof: 



(vn) 

OCW^XOR 3 ) 



where Ri, R* R3, R4 and R5 are as defined in claim 1 , wherein the carbon marked with an asterisk to which Ri 
and R are bonded is non-asymmetric; and T is a taxane moiety bonded directly at C-1 3 of said moiety, the taxane 
moiety being of the formula: 
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OR 7 . Q 



OR 8 



(XII) 



£ H 
OBz 



O 



OH 



OAc 



where 



Bz is benzoyl; 

Ac is acetyl; 

R 7 is hydrogen, alkylcarbonyl (alkyl being as defined in claim 1), or a hydroxyl protecting group; and 

R 8 is hydrogen or a hydroxyl protecting group: 

comprising the step of contacting a p-lactam of the following formula I or a salt thereof: 



where R 1 , R 2 , R 3 , R 4 and R 5 are as defined above and wherein the (J-lactam is other than free base (+)-cis- 
1-benzoyl-3-(2-methoxy-2-propyloxy -4-phenyl-azetidin-2-one, with a taxane compound of the following formula 
VIII or a salt thereof: 



where T is as defined above, 

in the presence of a coupling agent; and optionally, converting the group -OC(R 1 )(R2)(OR 3 ) of said compound of 
the formula VII to hydroxyl, thereby forming a sidechain-bearing taxane or a salt thereof of the following formula IX: 




HO-T 



(VIII) 
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OH 



10 



15 



20 



25 



30 



where R 4 , and Tare as defined above. 
9 ' ^cSm h i°) d ° f C,alm 8 ' WhGrein Said taXane of thef ormu.a VIII is a 7-0-triarkylsilyl baccatin III (alkyl being as defined 

1 1 . The method of claim 10, wherein said coupling agent has the following formula XI: 

R*_ N _ R 10 

I (XI) 
M 

where 

R9 and Rio ar e trialkylsilyl, cycloalkyl (alkyl and cycloalkyl being as defined in Claim 1), or together with the 
nitrogen atom to which they are bonded, form a heterocyclo group; 

and 

M rinr/ndlr 13 '.; Wh6 K r t " t he ! er0c y d0 " means such a 9™P having at least one hetero atom in at least one 
nng and optionally substituted as in the definition of "cycloalkyl" set out in claim 1 . 

12. The method of claim 11, wherein said coupling agent is an alkali metal hexamethyl disilaz.de. 

13. The method of claim 12, wherein said alkali metal hexamethyl disilazide is lithium hexamethyl disilazide. 

14. The method of any one of claims 8-13, further comprising deprotection of one or more hydroxyl groups on the 
taxane moiety of the sidechain-bearing taxane formed. 9 P 

15. The method of claim 14, wherein an acid is employed for said deprotection. 

16. The method of any one of claims 8-15, wherein Ri and R* are both the same unsubstituted lower alkvl arouo R3 
.s unsubstituted lower alkyl, * is phenyl, and R* is benzoyl or t-butoxycarbonyl, "lower S^ZS* W as 
defined in claim 1 but having 1 to 4 carbon atoms in the normal chain 9 ^ 

50 1 7. The method of claim 1 6, wherein taxol is prepared. 

18. The method of claim 16, wherein taxotere is prepared. 

^ 19. A method the preparation of a taxane bearing a sidechain at C-13, the taxane moiety being of the formula: 



35 



40 



45 
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10 



O r? J? OR* 




15 



20 



25 



30 



35 



40 



45 



50 



55 



where 

Bz is benzoyl; 
Ac is acetyl; 

R 7 is hydrogen, alkylcarbonyl, or a hydroxyl protecting group; and 
R a is hydrogen or a hydroxyl protecting group; 

comprising the step of contacting a taxane bearing a hydroxyl group bonded at C-13 with a p-lactam as 
defined in claim 1 which is capable of forming said sidechain, in the presence of an alkali metal silylamide base 
or a sterically hindered alkali metal amide base 



Claims for the following Contracting State : PT 

1 . A jMactam of the following formula I: 



R 2 R i 




0> 



where 



R 1 and R 2 : 



(i) are both the same alkyd group; or 

(ii) together with the carbon atom to which they are attached form a cycloalkyl group; or 

(iii) together with the carbon atom to which they are attached form a cycloalkenyl group; or 

(iv) tog other with the carbon atom to which they are attached form a hererocyclo group; 

wherein the carbon atom marked with an asterisk to which R 1 and R 2 are bonded is non-asymmetric; 
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R3 is alkyl; 

is aryl; 

R 5 is hydrogen , arylcarbonyl, or alkyloxycarbonyl, 

or such a ^-lactam in salt form, 
wherein 



2. A p-lactam of claim 1 which is cystalline at ambient conditions. 

in cJ^hSj ft laSrS^ "'° Wer ^ meani " 9 " a,kyl " 38 d * ed 

5. A p-lactam of claim 3 which is (3R-cis)-3-(l-methoxy.1-methylethoxy)-4-phenyl-2-azetidinone. 

6. A p-lactam of claim 3 which is (3R-cis)-1 -benzoyl-3-(1 -mathoxy-l-methylethoxy^henyl-^etidinone. 

7. A P- | ^o^aim3whichis(3R.is)^t-butoxycamony.-3-(1-methoxy- 1 -mem^^^^ 

8. A method for the preparation of a sidechain-bearing taxane of the following formu.a VII or a salt thereof: 



R 5 NH 




(vn> 



O— T 



OCG^xr'xorJ) 
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OR 7 ' O OR 8 




ttll) 



OBz 0Ac 



where 

Bz is benzoyl; 
Ac is acetyl; 

R 7 is hidrogen, alkylcarbonyl (alkyl being as defined in claim 1 ), or a hydroxyl protecting group; and 
R 8 is hydrogen or a hydroxyl protecting group ; 

comprising the step of contacting a p-lactam of the following formula I or a salt thereof: 




0) 



where R 1 , R 2 , R 3 , R 4 and R 5 are as defined above, with a taxane compound of the following formula VIII or a salt 
thereof: 



HO-T 



(VIII) 



where T is as defined above, 

in the presence of a coupling agent; and optionally, converting the group -OCfR^R^OR 3 ) of said compound of 
the formula VII to hydroxyl, thereby forming a sidechain-bearing taxane or a salt thereof of the following formula IX: 
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R NH O 



0— T 

OH 



» where R 4 , R5 and T are as defined above. 



9. The method of clam 8, wherein said taxane of the formula VIII is a 7-0-trialkylsilyl baccatin III (alkyl being as defines 
in oiaim 1 j, 

15 1 °' I? , mett !°? ° f C ' ai T" 8 ° r 9 Wherein said cot) P |in 9 a 9ent is an alkali metal silylamide base or a sterical* hindered 
aiKait metal amide base. 

11. The method of claim 10, wherein said coupling agent has the following formula XI: 



20 



25 



30 



M 

where 



J. (XI) 



and Rio are trial kylsilyl, cycloalkyl (alkyl and cycloalkyl being as defined in Claim 1), or together with the 
nitrogen atom to which they are bonded, form a heterocyclo group; 



and 



M is an alkali metal; wherein "heterocyclo" means such a group having at least one hetero atom in at least one 
nng and optionally substituted as in the definition of "cycloalkyl" set out in claim 1 . 

12. The method of claim 11, wherein said coupling agent is an alkali metal hexamethyl disilazide. 

13. The method of claim 12, wherein said alkali metal hexamethyl disilazide is lithium hexamethyl disilazide. 

14 " ^ tS? i?h ° n n °1 C 'T 8 : 13 ' ^ C ° mpriSing de P rotectjon of one or more hydroxyl groups on the 
taxane moiety of the sidechain-bearing taxane formed. 

15. The method of claim 14, wherein an acid is employed for said deprotection. 

16. The method of any one of claims 8-15, wherein Ri and R* are both the same unsubstituted lower alkyl group R3 

°k W ? K a,ky,> 4 18 Pheny '' and R5 iS ben20yl ° r ^^^arbonyl, "lower alkyl" meaning W as 
defined in claim I but having 1 to 4 carbon atoms in the normal chain. 

so 17. The method of claim 1 6, wherein taxol is prepared. 

18. The method of claim 16, wherein taxotere is prepared. 

^ 19. A method for the preparation of a taxane bearing a sidechain at C-13, the taxane moiety being of the formula: 
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OH 



:* H 
OBZ 



OAC 



O 



where 

Bz is benzoyl; 

Ac is acetyl; 

R 7 is hydrogen, alkylcarbonyl, or a hydroxy! protecting group; and 

R 8 is hydrogen or a hydroxyl protecting group; 

comprising the step of contacting a taxane bearing a hydroxyl group bonded at C-13 with a fj-lactam as 
defined in claim 1 which is capable of forming said sidechain, in the presence of an alkali metal silylamide base 
or a sterically hindered alkali metal amide base. 



PatentansprQche 



Patentanspruche fur folgende Vertragsstaaten : AT, BE, CH, LI, DE, DK, ES, FR, GB, GR, IE, IT, LU, MC, NL, SE 

1 . jJ-Lactam der folgenden Formel: 



R 1 und R 2 : 

(i) beide der gleiche Alkylrest sind; oder 

(ii) zusammen mit dem Kohlenstoffatom, an welches sie gebunden sind, einen Cycloalkylrest bilden; oder 




wobei 
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(iii) zusammen mit dem Kohlenstoffatom, an welches sie gebunden sind, einen Cycloalkenylrest bilden- 
Oder 

(Iv) zusammen mit dem Kohlenstoffatom, an welches sie gebunden sind, einen heterocyclischen Rest 
bilden; 

wobei das mit einem Sternchen markierte Kohlenstoffatom, an das R1 und R2 gebunden sind, nicht asymme- 
trisch ist; 

R 3 ein Alkylrest ist; 
R 4 ein Arylrest ist; 

R 5 ein Wasserstoffatom, ein Arylcarbonyl- oder Alkyloxycarbonylrest ist, oder ein solches p-Lactam in Form 
eines Salzes, welches von der freien Base (+)-cfs-1-Benzoyl-3-(2-methoxy-2-propyloxy)^-phenyl-azetidin- 
2-an verschieden ist; 

wobei 

"Alkylrest" einen Rest bedeutet, welcher 1-10 Kohlenstoffatome in einer Kette aufweist und gegebenenfalls sub- 
stituiert ist mit einem oder mehreren Halogenatomen, Alkoxy-, Alkylthio-, Alkenyl-, Alkinyl-, Aryl-, Cycloalkyl- Cy- 
cloalkenylresten, Hydroxygruppen oder geschutzten Hydroxygruppen, Carboxylgruppen (-COOH), Alkoxycarbo- 
nyl-, Alkylcarbonyloxyresten, Carbamoylgruppen (NH 2 -CO-), Aminogruppen (-NH 2 ), Mono- oder Dialkylaminore- 
sten, oder Thiolgruppen (-SH); 

"Cycioaikylrest" einen Rest bedeutet, welcher 1 bis 3 Ringe und 3-7 Kohlenstoffatome pro Ring aufweist wobei 
der Rest gegebenenfalls substituiert ist mit einem wie vorstehend beschriebenen "Alkylrest" oder mit einem oder 
mehreren der Substituenten, die in der Definition von "Alkylrest" eingeschlossen sind; 

"Cycloalkenylrest" einen wie vorstehend definierten "Cycloalkylrest" bedeutet, welcher'allerdings mindestens eine 
Kohlenstoff-Kohlenstoff-Doppelbindung aufweist, welche einen teilweise ungesattigten Ring bildet; 
"Arylrest" einen homocyclischen aromatischen Rest bedeutet, welcher 1 oder 2 Ringe und 6 bis 12 Ringkohlen- 
stoffatome umfasst, und gegebenenfalls substituiert ist mit einer oder mehreren Nitrogruppen oder so wie in der 
vorstehenden Definition fur "Cycloalkyl rest" ; 

"Alkoxyrest" einen wie vorstehend definierten "Alkylrest" bedeutet, welcher allerdings iiber eine Sauerstoff-Ver- 
kniipfung (-O-)gebunden ist; und 

"heterucyclischer Rest" einen Rest bedeutet, welcher mindestens ein Heteroatom in mindestens einem Ring auf- 
weist und gegebenenfalls substituiert ist wie in der vorstehenden Definition von "Cycloalkylrest". 

P-Lactam gemap Anspruch 1, welches unter Umgebungsbedingungen kristallin ist 

p-Lactam gemaB Anspruch 1 oder 2, welches im Wesentlichen frei von anderen Isomeren ist und in welchem die 
Reste -OC(Ri)(R2)(OR3) und R 4 in cis-Stellung zueinander stehen. 

P-Lactam gemaB Anspruch 1, 2 oder 3, wobei Ri und R* beide den gleichen unsubstituierten Niederalkylrest 
darstellen, R3 ein unsubstuierter Niederalkylrest ist, R 4 eine Phenylgruppe ist und R5 ein Wasserstoffatom eine 
Benzoyl- oder t-Butoxycarbonylgruppe ist, wobei "Niederalkylrest" einen wie in Anspruch 1 definierten "Alkylrest" 
bedeutet, welcher allerdings 1 bis 4 Kohlenstoffatome in der unverzweigten Kette aufweist. 

P-Lactam gemaB Anspruch 3, namlich (3R-cis)-3-(1-Methoxy-1-methylethoxy)-4-phenyl-2-azetidinon. 

P-Lactam gemaB Anspruch 3, namlich (3R-cis)-1-Benzoyl-3-(1-metho)(y-1-methylethoxy)-4-phenyl-2-azetidin 

P-Lactam gemaB Anspruch 3, namlich (3R-cis)-1-t-Butoxycarbanyl-3-(1-methoxy-1-methylethoxy)-4-phenvl- 
2-azetidinon. " r ' 

Verfahren zur Herstellung eines Seitenketten-tragenden Taxans der folgenden Formel (VII) oder eines Salzes 
davon: 
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J (ViO 



wobei R 1 , R 2 , R 3 , R 4 und R 5 wie in Anspruch 1 definiert sind, wobei das mit einem Sternchen markierte Kohlen- 
stoffatom, an das R 1 und R 2 gebunden sind, nicht asymmetrisch ist und T eine Taxan-Einheit darstellt, welche 
direkt uber das C-13 der Einheit gebunden ist, wobei die Taxan-Einheit die Formel: 



aufweist, wobei 

Bz eine Benzoylgruppe ist; 

Ac eine Acetylgruppe ist; 

R 7 ein Wasserstoffatom, Aikykarbonylrest (wobei Alkylrest wie in Anspruch 1 definiert ist) Oder eine Hydroxyl- 
Schutzgruppe ist; und 

R 8 ein Wasserstoffatom oder eine Hydroxyl-Schutzgruppe ist; 

umfassend den Schritt des Inkontaktbringens eines p-Lactams derfolgenden Formel (I) odereines Salzes davon: 



wobei R 1 , R 2 R 3 , R 4 und R 5 wie vorstehend definiert sind, und wobei das p-Lactam von der freien Base (+)-cis- 
1-Benzoyl-3-(2-methoxy-2-propy!oxy-4-phenylazetidin-2-on verschieden ist, mit einer Taxan-Verbindung derfol- 
genden Formel (VIII) oder eines Salzes davon: 




OH 08? OA© 




(0 



HO-T 



(VIII), 
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wobei T wie vorstehend definiert ist, 

in Gegenwart eines Kupplungmittels; und, gegebenfalls, Umwandeln des Restes -OC(Ri)(R*)(OR3) der verbin- 
dung der Forme. (VIJ in erne Hydroxyigruppe, wobei ein Seitenketten-tragendes Taxan oder ei Sa z davon der 
folgenden Former) (IX) gebildet wird: 



'0— T 

6a 



wobei R 4 , R5 und T wie vorstehend definiert sind. 
'' S^," 06 " *" TaX * n ** ^ <""" * '*™-»»W»»«n « <— A,M 

11. Verfahren gemaB Anspruch 10, wobei das Kupplungsmittel diefolgende Formel (XI) aufweist: 

J. CM) 



wobei 

mil dem Stekstoffatom, an das sie gebunden sind, einen hetetocyclischen Rest bilden- und 

m 1 •nd'll k n limeta,l ? W0b9 l " he,esoc y c,ischer Rest " ei "en Rest bedeutet, welcher mindestens ein Heteroatom in 

^Ar^Ti 3 e ' St 9 ° 9ebenenfalls 80 substituiert ist wie in Definition von "Cycloalkylrest" 

12. Verfahren gemaB Anspruch 11 , wobei das Kupplungsmittel ein Alkalimetall-Hexamethyldisilazid ist. 

13. Verfahren gemaB Anspruch 12, wobei das Alkalimetall-Hexamethyldisilazid Lithium-Hexamethyldisilazid ist. 

14 ' 9em ? x nem AnSpriiChe 8 WS 13 ' Weiterhin umfasse "d das Entschutzen einer oder mehrerer Hy- 

droxylgruppen der Taxaneinheit des gebildeten Seitenkettentragenden Taxans. 

15. Verfahren gemaB Anspruch 14, wobei fur die Entschutzung eine Saure eingesetzt wird. 

16 ' ^l n «tT B pa'" 1 ^T 6 "* 8 WS 15 ' W ° bei R1 Und R2 beide den 9 ,eich6n "nsubstituierten Niederal- 
kylrest darstellen, R3 e.n unsubstituierter Niederalkylrest ist, R 4 eine Phenylgruppe ist und R* eine Benzoyl- oder 
t-Butoxycarbonylgruppe ist, wobei "Niederalkylrest" einen wie in Anspruch 1 definierten "Alkylresf bSeutet wel 
cher allerd.ngs 1 bis 4 Kohlenstoffatome in der unverzweigten Kette aufweist. 

17. Verfahren gemaB Anspruch 16, wobei Taxol hergestellt wird. 

18. Verfahren gemaB Ansprach 16, wobei Taxotere hergestellt wird. 

19 ' auf^eist"^ 
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OF? p 



OB* 



O 



wobei 

Bz eine Benxoylgruppe ist; 
Ac eine Acetylgruppe ist; 

R 7 ein Wasserstoffatom, ein Alkylcarbonylrest oder eine Hydroxy l-Schutzgruppe ist; und 
R 8 ein Wasserstoffatom Oder eine hydroxyl-Schutzgruppe ist; 

umfassend den Schritt des Inkontaktbringens eines Taxans, welches eine am C-13 gebundene Hydroxyigruppe 
tragt, mit einem p-Lactam, wie in Anspruch 1 definiert, welches die Seitenkette bilden kann, in Gegenwart einer 
Alkalimetall-Silylamidbase oder einer sterisch-gehinderten Alkalimetall-Amidbase. 



Patentansp ruche fur folgenden Vertragsstaat : PT 

1. p-Lactam der folgenden Formel: 



wobei R 1 und R 2 : 

(i) beide der gleiche Alkylrest sind; oder 

(ii) zusammen mit dem Kohlenstoffatom, an welches sie gebunden sind, einen Cycloalkylrest bilden; oder 

(iii) zusammen mit dem Kohlenstoffatom, an welches sie gebunden sind, einen Cycloalkenylrest bilden; 
oder 

(iv) zusammen mit dem Kohlenstoffatom, an welches sie gebunden sind, einen heterocyclischen Rest 
bilden; 

wobei das mit einem Sternchen markierte Kohlenstoffatom, an das R 1 und R 2 gebunden sind, nicht asymme- 




CO 



trisch ist; 
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R 3 ein Alkyltest ist; 
R 4 ein Arylrest ist; 

R 5 ein Wasserstoffatom, ein Arylcarbonyl- oder Alkyloxycarbonylrest ist, 

Oder ein solches p-Lactam in Form eines Salzes; 
wobei 

"Alkylrest" einen Rest bedeutet, welcher 1-10 Kohlenstoffatome in einer Kette aufweist und gegebenenfalls sub- 
stituiert ist mit einem oder mehreren Halogenatomen, Alkoxy-, Alkylthio-, Akenyh Alkinyl-, Aryl-, Cycloalkyl- Cy- 
cloalkenylresten, Hydroxygruppen Oder geschutzten Hydroxygruppen, Carboxylgruppen (-COOH), Alkoxycarbo- 
nyl-, Alkylcarbonyloxyresten, Carbamoylgruppen (NH 2 -CO), Aminogruppen (-NR 2 ), Mono- oder Dialkylamioresten 
oder Thiolgruppen (-SH); 

"Cycloalkylrest" einen Rest bedeutet, welcher 1 bis 3 Rings und 3-7 Kohlenstoffatome pro Ring aufweist, wobei 
der Rest gegebenenfalls substituiert ist mit einem wie vorstehend beschriebenen "Alkylrest" oder mit einem oder 
mehreren der Substituenten, die in der Definition von "Alkylrest" eingesch lessen sind; 

"Cycloalkenylrest" einen wie vorstehend definierten "Cycloalkylrest" bedeutet, welcher allerdings mindestens eine 

Kohlenstoff-Kohlenstoff-Doppelbindung aufweist, welche einen teilweise ungesattigten Ring bildet; 

"Arylrest" einen homocyclischen aromatischen Rest bedeutet, welcher 1 oder 2 Ringe und 6 bis 12 Ringkohlen- 

stoffatome umfasst, und gegebenenfalls substituiert ist mit einer oder mehreren Nitrogruppen oder so wie in der 

vorstehenden Definition fur "Cycloalkylrest'; > 

■Alkoxyrest" einen wie vorstehend definierten "Alkylrest" bedeutet, welcher allerdings iiber eine Sauerstoff-Ver- 

knupfung (-0-) gebunden ist; und 

"Heterocyclischer Rest" einen Rest bedeutet, welcher mindestens ein Heteroatom in mindestens einem Ring auf- 
weist und gegebenenfalls substituiert ist wie in der vorstehenden Definition von "Cycloalkylrest". 

P-Lactam gemaB Anspruch 1 , welches unter Umgebungsbedingungen kristallin ist. 

P-Lactam gemaB Anspruch 1 oder 2, welches im Wesentlichen frei von anderen Isomeren ist und in dem die Reste 
-OC(Ri)(R2)(OR3) und R 4 in cis-Stellung zueinander stehen. 

p-Lactam gemaB Anspruch 1, 2 oder 3, wobei Ri und R2 beide den gleichen unsubstituierten Niederalkylrest 
darstellen, R3 ein unsubstituierter Niederalkylrest ist, R 4 eine Phenylgruppe ist und R5 ein Wasserstoffatom eine 
Benzoyl- oder t-Butoxycarbonylgruppe ist, wobei "Niederalkylrest" einen wie in Anspruch 1 definierten "Akylrest" 
bedeutet, welcher allerdings 1 bis 4 Kohlenstoffatome in der unverzweigten Kette aufweist. 

p-Lactam gemaB Anspruch 3, namlich (3R-cis)-3-(1-Methoxy-1-methylethoxy)-4-phenyl-2-azetidinon. 

p-Lactam gemaB Anspruch 3, namlich (3R-cis)-1-Benzoyl-3-(1-methoxy-1-methylethoxyH-phenyl-2-azetidinon, 

P-Lactam gemaB Anspruch 3, namlich (3R-cis)-1-t-Butoxycarbonyl-3-(1-methoxy-1-methylethoxy)-4-phenvl- 
2-azetidinon. r ' 

Verfahren zur Herstellung eines Seftenketten-tragenden Taxans der folgenden Formel (VII) oder eines Salzes 
davon: 



(WD 

O— T 



wobei R1, R2, R3, R4 und R* wie in Anspruch 1 definiert sind, wobei das mit einem Sternchen markiede Kohlen- 
stoffatom, an das R 1 und R2 gebunden sind, nicht asymmetrisch ist und T eine Taxan-Einheit darstellt welche 
direkt uber das C-13 der Einheit gebunden ist, wobei die Taxan-Einheit die Formel: 
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OH . Jgi H(Me 



cm) 



aufweist, wobei 

Bz eine Benzoylgruppe ist; 

Ac eine Acetylgruppe ist; 

R 7 ein Wasserstoffatom, Alkylcarbonylrest (wobei Allylrest wie in Anspruch 1 definiert ist) Oder eine Hydroxyl- 
Schutzgruppe ist; und 

R 8 ein Wasserstoffatom oder eine Hydroxy I -Schutzgruppe ist; 

umfassend den Schritt des Inkontaktbringens eines fi-Lactms derfolgenden Formel (I) oder eines Salzes davon: 



wobei T wie vorstehend definiert ist, 

in der Gegenwart eines Kupplungmittels; und, gegebenenfalls, Umwandeln des Restes -OC(R 1 )(R 2 )(OR 3 ) der 
Verbindung der Formel (Vii) in eine Hydroxy Igruppe, wobei ein Seitenketten-tragendes Taxan oder ein Salz davon 
derfolgenden Formen (IX) gebiidet wird: 




wobei R 1 , R 2 , R 3 , R 4 und R 5 wie vorstehend definiert sind, 

mit einerTaxen-Verbindung derfolgenden Formel (VIII) oder eines Salzes davon: 



HO-T 



(VIII), 




0— T 



OX) 
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wobei R 4 , R 5 und T wie vorstehend definiert sind. ' 

9. Verfahren gemaB Anspruch 8, wobei das Taxan der Formel (VIII) eln 7-0-Trialkylsiylbaccatin III ist (wobel Alkyl wie 
in Anspruch 1 definiert ist). 

10. Verfahren gemaB Anspruch 8 oder9, wobei das Kupplungsmittel eine Akalimetall-Silylamidbase oder eine sterisch- 
gehindarbe Alkalimetall-Amidbase ist. 

11. Verfahren gemaB Anspruch 10, wobei das Kupplungsmittel die folgende Formel (XI) aufweist: 



wobei 

R 9 und R 1 ° ein Trialkylsilyl-, Cycioalkyl- (wobei Alkyl und Cycloalkyl wie in Anspruch 1 definiert sind) oder zusam- 
men mit dem Stickstoffatom, an das sie gebunden sind, einen heterocyclischen Rest bilden; und 
M ein Alkalimetall ist; wobei "heterocyclischer Rest" einen Rest bedeutet, welcher mindestens ein Heteroatom in 
mindestens einem Ring aufweist und gegebenenfalls so substituiert ist wie in der Definition von "Cycloalkyl rest" 
gemaB Anspruch 1 . 

12. Verfahren gemaB Anspruch 11 , wobei das Kupplungsmittel ein Alkalimetall-Hexamethyldisilazid ist. 

13. Verfahren gemaB Anspruch 12, wobei das Alkalimetall-Hexamethyldisilazid Lrthium-Hexamethyldisilazid ist. 

14. Verfahren gemap einem der Anspruche 8 bis 13, weiterhin umfassend das Entschiitzen einer oder mebrerer Hy- 
droxylgruppen der Taxaneinheit des gebildeten Seitenkettentragenden Taxans. 

15. Verfahren gemaB Anspruch 14, wobei fur die; Entschutzung eine Saure eingesetzt wird. 

16. Verfahren gemaB einem der Anspruche 8 bis 15, wobei R1 und R2 beide den gleichen unsubstituierten Niederal- 
kylrest darstellen, R3 ein unsubstituierter Niederalkylrest ist, R 4 eine Phenylgruppe ist und R5 eine Benzoyl- oder 
t-Butoxycarbonylgrappe ist, wobei "Niederalkylrest" einen wie in Anspruch 1 definierten "Alkylrest" bedeutet, wel- 
cher allerdings 1 bis 4 Kohlenstoffatome in der unverzweigten Kette aufweist. 

17. Verfahren gemaB Anspruch 16, wobei Taxol hergestellt wird 

18. Verfahren gemaB Anspruch 16, wobei Taxotere hergestellt wird. 

19. Verfahren zur Herstellung eines Taxans, welches eine Seitenkette am C-1 3 tragt, wobei die Taxaneinbeit die Formel 
aufweist: 




wobei 
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Bz eine Benzoylgruppe ist; 
Ac eine Acetylgruppe ist 

R 7 ein Wasserstoffatom, ein Alkylcarbonylrest Oder eine Hydroxyl-schutzgruppe ist; und 
R 8 ein Wasserstoffatom oder eine Hydroxyl-Schutzgneppe ist; 
5 umfassend den Schritt des Inkontakthringens eines Taxans, welches eine am C-13 gebundene Hydroxylgruppe 

tragt, mit einem (J-Lactam, wie in Anspruch 1 definiert, welches die Seitenkette bilden kann, in Gegenwart einer 
Alkalimetall-Sifylamidbase oder einer sterisch-gehinderten Alkalimetall-Amidbase. 



10 Revendicattons 



Revendications pour tes Etats contractants suivants : AT, BE, CH, LI, DE, DK, ES, FR, GB, GR, IE, IT, LU, MC, 
NL, SE 

15 

1 . p-lactame ayant la formule I suivante 



20 



25 



R 2 



35 




0) 



dans laquelle 

40 

R 1 et R 2 (i) sont tous deux le m£me groupe alkyle; ou 

(ii) forment avec I'atome de carbone auquel ils sont fixes un groupe cycloaklyle; ou 

(iii) forment avec I'atome de carbone auquel ils sont fixes un groupe cycloalcenyle; ou 

(iv) forment avec i'atome de carbone auquel ils sont fixes un groupe heterocyclique; 

45 

I'atome de carbone reper6 par un asterisque auquel R 1 et R 2 sont lies n'etant pas asymetrique ; 
R 3 est un groupe alkyle ; 

R 4 est un groupe aryle ; 

R 5 est P hydrogen e ou bien un groupe arylcarbonyle ou alkyloxycarbonyle, 

50 

ce p-lactame pouvant etre sous forme de sel, 

autre que la base libre (+)-cis-1-benzoyl-3-(2 methoxy-2-propyloxy)-4-phenyl-azetidin-2-one; 

"groupe alkyle" signifiant un groupe alkyle de 1 a 1 0 atomes de carbone en chaine, facultativement substitue 
par un ou plusieurs atomes d'halogene ou groupes alcoxy, alkylthio, alcenyle, alcynyle, aryle, cycloalkyle, cycloal- 
55 cenyle, hydroxy ou hydroxy proteg6, carboxyle (-COOH), alkyloxycarbonyle, alkylcarbonyloxy, carbamoyle 

(NH 2 -CO-), amine (-NH 2 ), mono- ou dialkylamine, ou thiol (-SH); 

"groupe cycloalkyle" signifiant un groupe cycloaklyle de 1 a 3 cycles et de 3 a 7 atomes de carbone par cycle, 
facultativement substitue par un "groupe alkyle" tel que def ini ci-dessus ou bien par un ou plusieurs des substituants 
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inclus dans la definition de "groupe aikyle" ; 

H ft „K.l 9 r Pe CyC !° alc6ny !f si 9 ni,iant "9 rou P e cydoalkyle" tel que defini ci-dessus mais contenant au moins une 
double liaison carbone-caibone formant un cycle partiellement insature ; 

•groupe aryle" signifiant un groupe aromatique homocyclique contenant 1 ou 2 cycles et 6 a 12 atomes de 
carbone cychqueset facultativement substitue par un ou plusieurs groupes nitro ou bien comme dans la definition 
de groupe cycloalkyle ct-dessus; 

own^n^ T*' Si9nifiant " 9r0UP6 alky ' e " tSl qUe d6fini Ci - dessus mais lie P ar I'lntermediaire d'une liaison 
oxygene (-U-) ; et 

"groupe h&erocyclique" signifiant un groupe heterocyclique ayant au moins un hetero-atome dans au moins 
un cycle et facultativement substitue comme dans la definition de "groupe cycloalkyle" ci-dessus. 

2. p-lactame selon la revendication 1 , qui est cristallin aux conditions ambiantes. 

-OC(Ri) (R2) (OR3) et sonten position cis Tun par rapport a I'autre. 

4. p-lactame selon la revendication 1 , 2 ou 3, dans lequel Ri et R2 sent tous deux le meme groupe alkyle inferieur 
non substitue, R3 est un groupe alkyle inferieur non substitue, * est le groupe phenyle et R* est I'hydrogene ou 
le groupe benzoyle ou t- butoxycarbonyle, "alkyle inferieur" signifiant "alkyle" tel que defini dans la revendication 
1 mais avec 1 a 4 atomes de carbone dans la chaine normale. 

5. p-lactame selon la revendication 3, qui est la (3R^is) -3-(1-methoxy-1-methylethoxy)-4-phenyl-2-azetidinone. 

6 ' din^nT* S6l0n ' a r6VendiCati0n 3 ' qui est la ( 3R - cis )- 1 - be nzoy»-3-(1-methoxy-1.methylethoxy)^-phenyl-2-azeti- 
? ' 2-Sdino S n? n 13 reVendi ° ati0n 3 ' qui est ,a (3R " cis )- 1 -t-butoxycarbonyl-3-(1 -methoxy-1 -methyiethoxy)-4-phenyl- 
8. Precede de preparation d'un taxane a chaine laterale ayant la formule VII suivante, ou d'un sel de celui-ci 



^h^J^ (vn) 

OC(R l )(F?KOBh 



0Cl R1, ,5 "L 0 * 61 R5 S ° nt ,elS qUe definis dans la revendication 1 , 1'atome de carbone repere par un asterisque 
auquel R et R*sont lies n'etant pas asymetrique et Tetant un groupe taxane lie directement en C-13 dudit groupe 
ce groupe taxane ayant pour formule M H ' 
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10 



15 



20 



25 



30 



35 



40 



45 



ou 

B z est le groupe benzoyle ; 
Ac est le groupe acStyle ; 

R 7 est Phydrogene, un groupe alkylcarbonyle (le groupe alkyle 6tant tel que defini dans la revendication 1) ou un 

groupe protecteur du groupe hydroxyle) ; et 

R 8 est Phydrogene ou un groupe protecteur du groupe hydroxyle ; 

proc6d6 comprenant la mise en contact d'un [J-lactame de formule I suivante ou d*un sel de celui-ci ; 



ou R 1 , R 2 , R 3 , R 4 et R 5 sont tels que d6finis ci-dessus et le p-lactame 6tant autre que la base llbre (+)cis-1 -benzoyl- 
3-(2-m6thoxy-2-propyloxy-4-ph6nyl-azetidln-2 one, avec un derivd de taxane de formule VIII suivante ou un sel 
de celui-ci-; 



ou T est tel que defini ci-dessus, 

en presence d'un agent de couplage ; et 

facultativement, la transformation du groupe -OC(R 1 )(R 2 )(OR 3 ) dudit compose de formule VII en groupe hydroxyle, 
de facon a former un taxane a chaTne laterale ou un sel de celui-ci, de formule IX suivante 



ou R4, R 5 et T sont tels que dSfinis ci-dessus. 

Proc6d6 selon la revendication 8, dans lequel ledit taxane de formule VIII est une 7-0-trialkylsilyl baccatine III (le 
groupe alkyle etant tel que d6fini dans la revendication 1). 

Proc6de selon la revendication 8 ou 9, dans lequel ledit agent de couplage est une base silylamide de metal alcalin 
ou une base amide de m6tal alcalin a empechement sterique. 





OH 
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11. Procede selon la revendication 10, dans lequel ledit agent de couplage a la formule XI suivante 

R 9 — N-— R 10 - 

I GO) 
M 



Oil 

R9 et Rio sont des groupes trialkylsilyle ou cycloalkyle (les groupes alkyle et cycloalkyle etant tels que definis dans 
la revendication 1) ou bien torment, avec Patome d-azote auquel lis sont lies, un groupe heterocyclique ; 

M est un atome de metal alcalin ; 

"groupe heterocyclique" signifiant un groupe heterocyclique ayant au moins un hetero-atome dans au moins un 
cycle et facultahvement substitue comme dans la definition du "groupe cycloalkyle" selon la revendication 1. 

12 ' SSto 6 Se '° n ' a reVendiCati ° n 11 ' dans lequel ledit a 9 ent de C0U P ,a 9 e est "n hexamethyl disilazide de metal 

13. Precede selon la revendication 12, dans lequel ledit hexamethyl disilazide de metal alcalin est I'hexamethyl disi- 
lazide de lithium. ' 

14. Procede selon rune quelconque des revendicatlons 8 a 13, comprenant en outre la suppression de la protection 
d un ou plus.eurs des groupes hydroxyle sur le groupe taxane du taxane a chaine laterale forme. 

15. Procede selon la revendication 14, dans lequel on utilise un acide pour supprimer ladite protection. 

16. Procede selon Tune quelconque des revendications 8 a 15, dans lequel Ri et R* sont tous deux le meme groupe 
alkyle infeneur non substitue, est un groupe alkyle inferieur non substitue, R* est le groupe phenyle et R5 est 
le groupe benzoyle ou t-butoxycarbonyle, "alkyle inferieur signifiant "alkyle" tel que defini dans la revendication 
1 mais avec 1 a 4 atomes de carbone dans la chaine normale. 

17. Procede selon la revendication 16, dans lequel c'est le taxol qui est prepare. 

18. Procede selon la revendication 16, dans lequel c'est le taxotere qui est prepare. 

19. Procede de preparation d'un taxane portant une chaTne laterale en C-1 3, la partie taxane ayant pour formule: 




ou 

est le groupe benzoyle ; 
Ac est le groupe ac6tyle ; 

R 7 est I'hydrogene, un groupe alkylcarbonyle ou un groupe protecteur du groupe hydroxyle ; et 
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R 8 est I'hydrogene ou un groupe protecteur du groupe hydroxyle ; 

comprenant la mise en contact d'un taxane porteur d'un groupe hydroxyle \\6 en C-13 avec un fMactame tel que 
defini dans la revendtcation 1 qui est capable de former ladite chaine laterale, en presence d'une base silylamide 
de metal alcalin ou d'une base amide de metal alcalin a empechement sterique. 



Revendicatlons pour I'Etat contractant sulvant : PT 

1. (Mactame ayant la formule I suivante 



10 



15 



20 



25 




CO 



35 



40 



45 



50 



55 



dans iaquelle 

R 1 et R 2 : (i) sont tous deux le mSme groupe alkyle; ou 

(ii) torment avec I'atome de carbone auquel ils sont fixes un groupe cycloaklyle; ou 

(iii) forment avec I'atome de carbone auquel ils sont fixes un groupe cycloalcenyle; ou 

(iv) forment avec I'atome de carbone auquel ils sont fixes un groupe h6te>ocyclique; 

I'atome de carbone repere par un asterisque auquel R 1 et R 2 sont lids n'etant pas asymetrique ; 
R 3 est un groupe alkyle ; 

R 4 est un groupe aryle ; 

R 5 est I'hydrogene ou bien un groupe arylcarbonyle ou alkyloxycarbonyle, 

ce P-lactame pouvant etre sous forme de sel, 

"groupe alkyle" signiftant un groupe alkyle de 1 a 1 0 atomes de carbone en chaTne, facultativement substitud 
par un ou plusieurs atomes d'halogene ou groupes aicoxy, alkyfthio, alcenyle, alcynyle, aryle, cycloalkyle, cycloal- 
cenyle, hydroxy ou hydroxy prot6ge\ carboxyle (-COOH), alkyloxycarbonyle, alkylcarbonyloxy, carbamoyle 
(NH 2 -CO-), amine (-NH 2 ), mono- ou dialkylamine, ou thiol (-SH); 

"groupe cycloalkyle" signif iant un groupe cycloaklyle de 1 a 3 cycles et de 3 a 7 atomes de carbone par cycle, 
facultativement substitue par un "groupe alkyle" tel que defini ci-dessus ou bien par un ou plusieurs des substituants 
inclus dans la definition de "groupe alkyle" ; 

"groupe cycloalcenyle" signifiant "groupe cycloalkyle" tel que ddfini ci-dessus mais contenant au moins une 
double liaison carbone-carbone formant un cycle partiellement insature ; 

"groupe aryle" signifiant un groupe aromatique homocyclique contenant 1 ou 2 cycles et 6 a 12 atomes de 
carbone cycliques, et facultativement substitu6 par un ou plusieurs groupes nitro ou bien comme dans la definition 
de "groupe cycloalkyle" ci-dessus ; 

"groupe aicoxy" signifiant "groupe alkyle" tel que d§fini ci-dessus mais lie par I'intermgdiaire d'une liaison 
oxygene (-O-) ; et 

"groupe hetdrocyclique" signifiant un groupe heterocyclique ayant au moins un hetero-atome dans au moins 
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un cycle et facultativement substitue comme dans la definition de "groupe cycloalkyle" ci-dessus. 
2. p-lactame selon la revendication 1 , qui est cristallin aux conditions ambiantes. 

3 ' t^tSSmTSKT 1 ° U v^' *' ,ntk « u ~ exempt d-autres isomeres etdans .equel lesgroupes 
uo(R') (R«9 (0R3) et R* somen position cis I'un par rapport a Pautre. 

4 " SZtTZfT* 7 endi ^«»n 1. 2 ou 3, dans lequel Ri et R* sent tous deux le meme groupe alkyle inferieur 
non substitue, R3 est un groupe alkyle inferieur non substitue, R4 est le groupe phenyle et RS est rhydroqene ou 

i mais avec l a 4 atomes de carbone dans la chatne normale. 
5. B-lactame selon la revendication 3, qui est la (3R^is) -3-(1- m ethoxy-1-methy.ethoxy)-4-phenyl-2-azetidinone. 
6 ' oilfoT 6 Se '° n ' a reVendi ° ati0n 3 ' qui est la < 3R -^)-^en 2 oyl-3-(1-methoxy-1- m ethylethoxy)-4-phenyl-2-a2eti- 

7 ' ' a reVendfca,i0n 3 ' qUi 6St 13 < 3R - Cis ^ -t-butoxycart,ony,-3-(1 -methoxy-1 -methylethoxy)-4-phenyl- 

8. Precede de preparation d'un taxane a chatne laterale ayant la formule VII suivante. ou d'un sel de celui-d 



(VII) 

O— T 

OOR'XR^OR^ 



auouel L^IS 6 ? mn>& danS ' a revendica « on 1 • f *°™ * catone repere par un asterisque 

^ef^^ 




cm) 



ou 

B z est le groupe benzoyle ; 
Ac est le groupe acetyle ; 

R 8 est I'hydrogene ou un groupe protecteur du groupe hydroxyle ■ 

precede comprenant la mise en contact d'un p-lactame de formule I suivante ou d'un sel de celuM ; 
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0) 



oil R 1 , R 2 , R 3 , R 4 et R 5 sont tels que definis ci-dessus, avec un derive de taxane de formule VIII suivante ou un 
sel de celui-ci- : 



ou T est tel que defini ci-dessus, 

en presence d'un agent de couplage ; et 

facultativement, la transformation du groupe -OC(R 1 )(R 2 )(OR 3 ) dudit compose de formule VII en groupe hydroxyle, 
de facon a former un taxane a chain e laterale ou un sel de celui-ci, de formule IX suivante 



ou R 4 , R 5 et T sont teis que definis ci-dessus. 

9. Procede selon la revendication 8, dans lequel ledit taxane de formule VIII est une 7-O-trialkylsilyl baccatine III (le 
groupe alkyle etant tel que defini dans la revendication 1). 

10. Procede selon la revendication 8 ou 9, dans lequel ledit agent de couplage est une base silylamtde de metal alcalin 
ou une base amide de metal alcalin a empechement sterique. 

11. Procede selon la revendication 10, dans lequel ledit agent de couplage a la formule XI suivante : 



HO-T 



(VIII) 




R 5 NH O 



OH 



R 9 ~N— RW 
M 



(XI) 
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tafriSiSroJ? , f ria,kyla ■ y,0 ou cy«*»«"<yte (tes groupes aftyle et eyetoalkyle dtant tete que d«flnte dans 

la revend.cat.on 1 , ou b.en ferment, avec I'atome d'azote auquel lis sent lies, un groupe heterocyclique ; 

M est un atome de metal alcalin ; 

"groupe heterocyclique" signifiant un groupe heterocyclique ayant au moins un hetero-atome dans au moins un 
cycle et facuftativement substitue comme dans la definition du "groupe cyc.oalky.e" ^^^S^T 

12. Precede selon la revendfcation 11, dans lequel .edit agent de couplage est un hexamethy. dteilazide de metal 
.StSum reVendiCati ° n 12 " danS ledit hexM y' ^ilazide de metal atealin est rhexamethy. dial- 

14 * d P u 3 n1u1)ful n u^H e . qUelC0nqU ! T revendications 8 * 13. comprenant en outre la suppression de la protection 
d un ou plus.eurs des groupes hydroxyle sur le groupe taxane du taxane a chaTne laterale forme. 

15. Precede selon la revendication 14, dans lequel on utilise un acide pour supprimer ladite protection. 

16. Precede selon fune quelconque des revendications 8 a 15, dans lequel R1 et R2 sent ious rW i» ™™ „,„ 

zsEZr t sub r * est un 9roupe aiky,e «*»»■ -"Sis #~Z£iwJSz 

le groupe benzoyle ou t-butoxycarbonyle, "alkyle inferieur" signifiant "alkyle" tel que deflni dans la Xendic Jon 
1 mais avec 1 a 4 atomes de carbone dans la chaine normale. revendication 

17. Procede selon la revendication 16, dans lequel c'est le taxol qui est prepare. 

18. Procede selon la revendication 16, dans lequel c'est le taxotere qui est prepare. 

19- Procede de preparation dun taxane portent une chaTne laterale en C-1 3, la partie taxane ayant pour formule 




OBr OAc 



OU 



B z est le groupe benzoyle ; 
Ac est le groupe ac&yle ; 

Z 2! !hSro 96ne ' U " 9r0UPS all< y tearbon y |e ou un 9™P* Protecteur du groupe hydroxyle ; et 
R« est I hydrogene ou un groupe protecteurdu groupe hydroxyle- 

SIT! 13 miS l en C ° ntaCt d ' Un t3Xane P ° rteUr d ' Un 9r0U P e h y drox V |e « 6 en C-13 avec un p-lactame tel que 
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